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EDITOR'S  PREFACE. 


The  daughters  of  my  friend  Mr.  Lassell,  F.R.S., 
President  R.A.S.,  having  asked  me  to  edit  their 
translation  of  this  work,  I  consented  the  more  rea- 
dil}-  to  accede  to  their  wish  because  Dr.  Schellen's 
book  appeared  to  me  vahiable  as  a  popular  account 
of  a  new  branch  of  scientific  investigation. 

I  have  to  remind  the  readers  of  the  book  that 
I  am  not  responsible  for  the  views  of  the  Author, 
nor  for  the  relative  importance  which  he  has  given 
to  the  work  of  different  investigators  in  the  same 
field  of  research.  I  have  added  some  notes,  which 
are  distinguished  from  those  of  the  Author  by  being 
enclosed  within  brackets.  The  absence  of  an 
editorial  note  is  not,  however,  to  be  understood  in 
every  case  as  giving  my  sanction  to  the  statements 
of  the  text.  This  remark  applies  in  particular  to 
the  section  on  the  "  Influence  of  Temperature 
and  Density  on  the  Spectra  of  Gases,"  in  which 
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are  several  statements  which  appear  to  need  con- 
firmation. Since  this  part  of  the  translation  passed 
through  my  hands,  Angstrom  has  published  a  note* 
in  which  he  shows  that  Wiillner  is  mistaken  in  the 
different  spectra  which  he  describes  as  belonging 
to  hydrogen  and  to  oxygen. 

I  regret  that  the  Author  has  reversed  the 
practice  of  the  principal  spectroscopic  observers, 
and  placed  the  red  end  of  the  spectrum  opposite 
the  reader's  left  hand,  and  not,  as  in  the  maps  of 

o 

Kirchhoff,  Angstrom,  and  others,  on  the  right- 
hand  side  of  the  page. 

In  so  new  a  science  there  must  be  necessarily 
many  points  not  finally  settled,  but  this  circum- 
stance does  not  detract  from  the  great  merit  of  the 
book  as  a  popular  treatise  on  Spectrum  Analysis. 

WILLIAM  HUGGINS. 

Ul'I'IiR  TULSE  HlI.L, 

December,  1 87 1. 


♦  Covtptes  Rendus,  August  1871,  and  P/iil.  i\Iiig.,  Nov.  1871. 


TRANSLATORS'  PREFACE. 


The  original  of  the  following  work  was  intro- 
duced to  our  notice  by  Mr.  Huggins,  to  whom 
we  had  appealed  for  information  as  to  the  best 
elementary  book  on  the  Spectroscope ;  and  while 
engaged  in  its  perusal,  the  interest  we  felt  in  the 
subject  suggested  the  idea  of  undertaking  the 
translation  of  the  work.  Just  as  we  had  com- 
pleted our  labours,  the  second  German  edition 
made  its  appearance,  and  this  necessitated  so  entire 
a  revision  of  the  whole  work  as  to  occasion  con- 
siderable delay. 

In  order  to  render  the  work  as  complete  as 
possible,  we  have,  at  the  suggestion  of  the  Editor, 
given  in  an  Appendix  Mr.  Stoney's  important 
paper  "  On  the  Cause  of  the  Interrupted  Spectra 
of  Gases,"  and  Prof.  Young's  valuable  Catalogue  of 
the  lines  observed  in  the  spectrum  of  the  chromo- 
sphere.   We  have  besides  inserted  in  the  body 
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of  the  work  an  account  of  the  Total  Eclipse  of 

o 

1870,  a  copy  of  Angstrom's  maps  of  the  solar 
spectrum,  a  view  of  the  corona  from  a  photograph 
by  Mr.  Brothers,  and  a  representation  of  some  of 
the  solar  prominences  from  a  drawing  by  Prof 
Respighi. 

We  are  glad  to  have  the  opportunity  of  ex- 
pressing our  thanks  to  Messrs.  Hanhart  for  the 
care  they  have  taken  in  the  reproduction  of  the 
several  lithographic  plates,  especially  for  the  ad- 

o 

mirable  way  in  which  they  have  represented  Ang- 
strom's maps;  also  to  Mr.  Pearson,  for  the  careful 
manner  in  which  he  has  conducted  the  engraving 
on  wood  of  Kirchhoff's  maps,  so  as  to  represent 
them  in  several  tints,  a  task  in  which  he  has  been 
materially  assisted  by  the  great  accuracy  of  the 
printers,  Messrs.  Watson  and  Hazell. 

JANE  AND  CAROLINE  LASSELL. 


Ray  Lodge,  Maiden hkau, 
December,  1871. 


PREFACE 

TO  THE 

SECOND  EDITION. 


The  present  work  is  founded  upon  a  series  of 
Lectures  delivered  by  the  Author  during  the 
winter  of  1869,  before  the  "  Vereine  fiir  wissen- 
schaftliche  Vorlesungen,"  in  this  city.  Its  object 
is,  on  the  one  hand,  to  give  a  clear  and  familiar 
representation  of  the  nature  and  phenomena  of 
Spectrum  Analysis,  enabling  an  educated  person 
not  previously  familiar  with  physical  science  to 
become  acquainted  with  the  newest  and  most 
brilliant  discovery  of  this  century;  and,  on  the 
other  hand,  to  show  the  important  position  which 
Spectrum  Analysis  has  acquired  in  the  pursuit  of 
Physics,  Chemistry,  Technology,  Physiolog}%  and 
Astronomy,  as  well  as  its  adaptability  to  almost 
every  kind  of  scientific  investigation. 

The  general  reader  will  be  introduced  by  this 
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book  into  a  new  realm  of  science,  the  dominion  ot 
which  has  extended  in  a  few  years  over  all  terres- 
trial substances,  and  even  beyond  them  to  the  most 
distant  parts  of  the  universe.  He  will  learn  to 
decipher  the  new  language  of  Lights  which  by 
unequivocal  signs  yields  him  information  not  only 
concerning  the  nature  of  terrestrial  substances,  but 
also  of  the  physical  constitution  of  the  heavenly 
bodies.  The  professor  of  science  will  find  in  these 
pages  many  details  for  the  arrangement  of  appa- 
ratus by  which  to  exhibit  the  various  spectra  and 
their  characteristic  phenomena  to  a  large  audience, 
and  present  to  them  a  view  of  those  splendid  dis- 
coveries, the  direct  sight  of  which  can  only  be 
enjoyed  by  the  few  who  possess  an  instrument  for 
the  purpose. 

To  facilitate  the  due  appreciation  of  the  results 
which  have  been  obtained  by  the  application  of 
Spectrum  Analysis  to  the  heavenly  bodies,  the 
Author  has  given  with  each  class  of  objects  a 
summary  of  the  information  hitherto  furnished  by 
the  telescope,  and  has  sought  to  give  a  glance  in 
passing  at  the  progressive  development  and  partial 
transformation  of  the  heavenly  bodies. 

The  great  interest  that  has  everywhere  been 
excited  by  the  first  edition  of  this  work  has  made 
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a  second  edition  necessary  within  the  period  of  a 
year.  The  Author  has  given  his  attention  to  the 
careful  revision  of  each  section,  which  he  has  in 
many  cases  enlarged  and  enriched  by  the  dis- 
coveries made  by  Spectrum  Analysis  generally,  but 
more  especially  in  its  application  to  the  observation 
of  the  Sun.  Great  prominence  has  been  given  to 
the  detailed  explanation  of  the  various  methods 
employed  in  the  practical  working  of  the  spectro- 
scope. 

In  conclusion,  the  Author  acknowledges  with 
grateful  thanks  the  valuable  assistance  rendered 
him  by  various  scientific  men  who  have  kindly 
communicated  to  him  the  results  of  their  labours, 
among  whom  he  would  especially  mention  Messrs. 
Huggins,  Secchi,  Lockyer,  Zollner,  Janssen,  Morton, 
and  Young.  His  thanks  are  also  due  to  the  pub- 
lisher, who  has  watched  over  with  so  much  care 
and  interest  the  typographical  department,  as  well 
as  the  execution  of  the  numerous  and  elaborate 
illustrations. 

THE  AUTHOR. 

Cologne. 
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ON  THE  ARTIFICIAL  SOURCES  OF  HIGH 
DEGREES  OF  HEAT  AND  LIGHT. 


I.  Introduction. 


HE  total  eclipse  of  the  sun  in  India  of  the 


-L  1 8th  of  August,  1868,  was  an  event  which,  it 
will  be  remembered,  excited  extreme  interest  in  the 
scientific  world,  and  led  to  a  large  expenditure  of 
money  and  labour  in  order  that  a  new  method  of  in- 
vestigation— Spectrum  Analysis — might  be  applied 
to  those  mysterious  phenomena  invariably  present 
at  a  total  solar  eclipse,  the  nature  and  character  of 
which  the  unassisted  powers  of  the  telescope  had 
proved  themselves  inadequate  to  reveal.  The 
brilliant  results  obtained  at  this  eclipse  were  fully 
confirmed  by  the  more  recent  observations  made 
in  North  America  during  the  total  eclipse  of  the 
7th  of  August,  1869,  and  the  records  of  those 
eclipses  laid  before  the  various  scientific  societies 
clearly  assert  the  triumph  of  spectrum  analysis. 
On  this  account  the  new  method  of  investigation 
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has  excited  great  interest  in  all  cultivated  circles, 
and  therefore  a  familiar  and  comprehensive  exposi- 
tion of  the  details  of  spectrum  analysis,  in  which  is 
shown  the  great  value  of  this  method  of  research 
in  every  department  of  physical  science,  seems  not 
uncalled  for. 

B}^  spectrum  is  not  understood  in  physics  a  spectre 
or  ghostly  apparition,  as  the  verbal  interpretation  of 
the  word  might  well  lead  one  to  suppose,  but  that 
beautiful  image,  brilliant  with  all  the  colours  of  the 
rainbow,  which  is  obtained  when  the  light  of  the 
sun,  or  any  other  brilliant  object,  is  allowed  to  pass 
through  a  triangular  piece  of  glass — a  prism. 

The  unassisted  eye  can  perceive  no  difference  in 
the  light  from  the  heavenly  bodies  and  that  from 
various  artificial  sources,  beyond  a  variation  in 
colour  and  brilliancy ;  but  it  is  quite  otherwise  when 
the  light  is  viewed  through  a  prism.    There  are 
then  formed  very  beautiful  coloured  images  or 
spectra,  the  constitution  and  appearance  of  which 
depend  upon  the  nature  of  the  substance  emitting 
the  light.    The  different  appearances  presented  by 
these   coloured   images   are   so  entirely  charac- 
teristic, that  to  every  substance,  when  luminous 
in  a  gaseous  form,  there  corresponds  a  peculiar 
spectrum  which  belongs  only  to  that  particular 
substance. 

It  follows,  therefore,  that  when  the  spectra  of 
different  substances  have  been  determined  once  for 
all,  by  previous  researches,  and  have  been  recorded 
in  maps  or  impressed  upon  the  memory,  it  is  easy 
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in  any  future  investigation  to  recognize  at  once, 
from  the  form  of  the  spectrum  which  a  body  of 
unknown  constitution  presents,  the  individual  sub- 
stances of  which  it  is  composed. 

This  statement  presents  in  general  terms  the 
nature  of  spectrum  analysis.  It  analyses  bodies 
into  their  constituent  parts,  not  as  the  chemist, 
with  alembics  and  retorts,  with  re-agents  and  pre- 
cipitates, but  by  means  of  the  spectra  which 
these  substances  give  when  in  a  state  of  intense 
luminosity. 

Spectrum  analysis  in  no  way  supplants  the 
methods  of  chemical  analysis  hitherto  in  use  ;  for 
its  function  is  neither  to  decompose  nor  to  combine 
bodies,  but  rather  to  reconnoitre  an  unknown  terri- 
tory, and  to  stand  sentinel,  and  signalize  to  the 
physicist,  the  chemist,  and  the  astronomer,  the 
presence  of  any  substance  brought  beneath  its 
scrutiny. 

With  what  acuteness,  with  what  delicacy  does 
spectrum  analysis  accomplish  this  task !  When  the 
balance,  the  microscope,  and  every  other  means  of 
research  at  the  command  of  the  physicist  and 
the  chemist  utterly  fail,  one  look  in  the  spectro- 
scope is  sufficient  in  most  cases  to  reveal  the 
presence  of  a  substance.  If  a  pound  of  common 
salt  be  divided  into  500,000  equal  parts,  the  weight 
of  one  of  these  portions  is  called  a  milligramme. 
The  chemist  is  able,  by  the  use  of  the  most  delicate 
scales  and  the  application  of  special  skill,  to  de- 
termine the  weight  of  such  a  particle ;  but  in  doing 
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SO,  he  comes  close  upon  the  hmits  of  his  power 
of  detecting  by  chemical  means  the  presence  of 
sodium,  the  chief  element  in  common  salt.  But  if 
that  small  milligramme  be  subdivided  into  three 
million  parts,  we  arrive  at  so  minute  a  particle  that 
all  power  of  discerning  it  fails,  and  yet  even  this 
excessively  small  quantity  is  sufficient  to  be  recog- 
nized with  certainty  in  a  spectroscope.  We  have 
but  to  strike  together  the  pages  of  an  old  dusty 
book  in  order  to  perceive  immediately  in  a  spectro- 
scope placed  at  some  distance,  the  flash  of  a  line  of 
yellow  light  which  we  shall  presently  learn  is  an 
unfailing  sign  of  the  presence  of  sodium. 

It  was  to  be  expected  that  so  sensitive  a  means 
of  investigation,  from  which  no  known  substance 
can  escape,  would  very  soon  lead  to  the  tracking 
out  and  discovery  of  new  elements  which,  till  then, 
had  remained  unknown,  either  because  they  are 
scattered  very  sparingly  in  nature,  or  stand  out 
with  so  little  that  is  characteristic,  from  some  other 
substances,  that  the  imperfect  chemical  methods 
hitherto  in  use  have  not  been  able  to  distinguish 
them. 

This  expectation  was  brilliantly  realized  even  by 
the  first  steps  taken  in  this  direction.  The  two 
Heidelberg  professors,  Bunsen  and  Kirchhoft",  to 
whom  we  are  indebted  for  the  discover}^  of  spectrum 
analysis  and  its  application  to  practical  science,  very 
soon  discovered  with  their  new  instrument,  two  new 
metals,  Caesium  and  Rul)idium,  to  which  two  others, 
Thallium  and  Indium,  have  been  since  added. 
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But  all  the  brilliant  and  astounding  results  which 
spectrum  analysis  has  furnished  in  the  provinces  of 
physics  and  chemistry  have  been  far  surpassed  by 
its  performances  in  that  of  astronomy.  Newton's 
law  of  gravitation  has  given  us  the  means  of  calcu- 
lating the  courses  of  the  heavenly  bodies,  of  pro- 
jecting the  orbits  of  the  earth,  the  planets  and 
comets,  and  of  predicting  their  relative  positions 
in  these  orbifs,  together  with  the  accompanying 
phenomena  of  the  ebb  and  flow  of  the  tides,  and 
the  eclipses  and  occultations  of  the  heavenly  bodies 
But  this  same  gravitation  chains  man  to  the  earth 
and  forbids  him  to  leave  it.     It  is  therefore  only 
on  the  wings  of  light,  that  news  reaches  him  of  the 
existence  of  those  numberless  worlds  by  which  he 
is  surrounded.    The  light  alone,  which  proceeds 
from  these  stars,  is  the  winged  messenger  which 
can  bring  him   information   of  their   being  and 
nature  ;  spectrum  analysis  has  made  this  light  into 
a  ladder  on  which  the  human  mind  can  rise  billions 
and  billions  of  miles,  far  into  immeasurable  space, 
in  order  to  investigate  the  chemical  constitution  of 
the  stars,  and  study  their  physical  conditions. 

Until  within  a  few  years,  the  telescope  was  the 
only  means  by  which  these  investigations  could  be 
carried  on,  and  the  intelligence  derived  from  this 
source  concerning  the  stars  and  nebulae  was  very 
scant,  being  confined  to  but  partial  information  of 
their  outward  form,  size,  and  colour. 

Since  the  year  1859,  spectrum  analysis  has 
entered  the   service  of  astronomy,  and  its  per- 
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formances  for  the  short  space  of  eleven  years  are,  in 
the  most  widely-differing  ways,  perfectly  astounding. 

If  is  possible  by  means -of  a  prism  to  decompose 
into  its  component  parts  the  light  of  the  sun,  the 
planets,  the  fixed  stars,  comets  and  nebulse,  and  thus 
obtain  their  spectra  in  the  same  way  as  that  of  earthly 
luminous  substances.  By  a  careful  comparison  of 
the  spectra  of  the  stars  with  the  well-known  spectra 
of  terrestrial  substances,  it  can  be  determined,  from 
their  complete  agreement  or  disagreement,  with  a 
certainty  almost  amounting  to  mathematical  pre- 
cision, whether  these  substances  do  or  do  not  exist 
in  those  remote  heavenly  bodies. 

The  foregoing  statements  present  in  general 
terms  the  essence  and  scope  of  spectrum  analysis. 
Its  starting-point  is  the  spectrum  of  each  indi- 
vidual substance,  and  in  order  to  obtain  this  it  is 
requisite  that  the  substance  should  not  only  be 
luminous,  but  should  emit  a  sujficient  quantity  of 
light.  Dark  bodies  are  not  available  for  spectrum 
analysis ;  if  they  are  to  be  submitted  to  its  scrutiny, 
they  must  first  be  brought  into  a  state  of  vivid 
luminosity. 

To  avoid  later  interruptions  and  repetitions,  it 
will  be  desirable,  before  entering  upon  the  subject 
of  spectrum  analysis,  to  review  with  brevity  the 
means  afforded  by  chemistry  and  physics  for  ren- 
dering luminous  all  substances  gaseous  and  non- 
gaseous, and  even  the  least  fusible  metals. 
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2.  The  Luminous  Power  of  Flame. 

The  immediate  cause  of  the  luminosity  of  flame 
has  not  yet  been  fully  ascertained,  notwithstanding 
the  many  investigations  that  have  been  made  with 
this  object.  If  a  glass  receiver  (Fig.  i)  be  filled 
with  oxygen,  and  a  lighted  piece  of  phosphorus  be 
plunged  into  it  from  above,  the  phosphorus  will 


Fig.  I. 


Combustion  of  a  Steel  Watch-spring  in  Oxygen. 

burn  with  great  energy  and  give  out  a  dazzling 
light.  In  the  same  manner  most  metals  previously 
raised  to  a  glowing  heat,  as,  for  instance,  a  steel 
watch-spring,  will  burn  in  pure  oxygen,  with  the 
development  of  an  intense  light. 

If,  on  the  contrary,  a  stream  of  gas  issuing  from 
a  reservoir  of  hydrogen  be  ignited  in  free  air,  it 
will  burn  with  a  scarcely  perceptible  flame.  The 
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flame  produced  by  oil,  petroleum,  and  coal  gas  is 
very  brilliant,  while  that  from  spirits  of  wine  is 
faint. 

What  occasions  this  difference  ? 

The  chemical  process  of  the  combustion  of  phos- 
phorus and  of  hydrogen  is  the  same,  namely,  the 
combination  of  these  substances  with  oxygen ;  the 
amount  of  heat  evolved  is  also  not  very  dissimilar ; 
the  difference  therefore  appears  to  lie  only  in  the 
nature  of  the  products  of  combustion.  In  the 
case  of  phosphorus  this  product  appears  as  a  solid 
body,  in  the  form  of  a  dense  white  cloud  (phos- 
phoric acid)  ;  in  the  case  of  hydrogen  gas,  the  pro- 
duct of  combustion  is  invisible,  because  it  is  water 
in  a  gaseous  form — that  is  to  say,  steam. 

This  remark  applies,  with  few  exceptions,  to  all 
combustion  which  takes  place  at  very  high  tempe- 
ratures. A  flame  which  contains  neither  solid 
matter  as  a  product  of  combustion,  nor  yet  a  forcio^n 
solid  body  in  a  state  of  incandescence,  is,  as  a  rule, 
but  little  luminous,  even  when  the  temperature  of 
combustion  is  very  high  ;  therefore,  at  a  similarly 
high  temperature,  glowing  solid  or  liquid  bodies 
emit  far  more  light  than  gaseous  substances  do  ; 
the  fewer  solid  particles  there  are  in  a  flame  the 
less  brilliant  will  be  its  light.  The  scarcely  per- 
ceptible flame  of  burning  hydrogen  gas  will  imme- 
diately become  luminous  if  any  solid  body  be  heated 
in  it  to  incandescence. 

If  a  spiral  of  platinum  wire  be  held  in  the  flame, 
it  shines  brightly;  the  glowing  wire  is  clearly  seen, 
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and  conveys  the  impression  that  the  light  is  not  due 
to  the  hydrogen  flame,  but  to  the  glowing  white-hot 
metal.  The  heat  generated  by  the  chemical  com- 
bination of  the  hydrogen  gas  with  the  oxygen  of 
the  air,  renders  the  platinum  incandescent,  and  it  is 
the  glowing  platinum  wire,  not  the  flame,  which 
emits  the  intense  light. 

If  a  grain  of  common  salt  be  dropped  into  the  dull 
flame,  it  flashes  up  brightly  with  a  yellow  light. 
The  salt  is  dispersed  into  a  million  of  the  smallest 
particles,  all  of  which  glowing  in  the  flame  can  no 
longer  singly  be  distinguished :  they  thus  give  the 
appearance  to  the  hydrogen  flame  as  if  it  shone  of 
itself.* 

For  the  illustration  of  this  point  it  is  unnecessary 
to  make  any  artificial  experiments,  since  the  flame 
of  common  gas,  which,  owing  to  its  great  brilliancy, 
is  ur|iversally  employed  for  domestic  and  other 
uses,  is  well  suited  to  the  purpose.  Coal  gas  is  a 
chemical  compound  of  hydrogen  gas  and  carbon, 
though  it  is  often  contaminated  to  a  more  than 
necessary  extent  with  other  substances. 

Carbon,  after  oxygen  certainly  the  most  precious 
of  all  substances,  alike  valuable  in  its  crystal  form 
of  diamond  as  in  its  dirty  black  form  of  coal,  is 
not  distinguishable  in  common  gas,  for  through  its 
combination  with  hydrogen  it  has  lost  its  brilliant 

*  [This  experiment  is  more  satisfactorily  made  by  the  intro- 
duction into  the  flame  of  a  finely  divided  solid  which  is  not  de- 
composed, as  is  the  case  with  salt.  Some  of  the  light  when  salt 
is  employed  is  due  to  the  luminous  vapour  of  sodium.] 
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Sparkle  as  well  as  its  black  colour,  and  it  then 
appears  as  a  transparent  gas,  not  indeed  as  an  in- 
dependent body,  but  in  the  most  intimate  chemical 
combination  with  hydrogen,  as  carburetted  hy- 
drogen gas. 

If  this  gas  be  ignited  as  it  streams  out  of  an 
ordinary  burner,  in  contact  with  the  atmospheric 
air,  the  greater  part  of  its  oxygen  is  taken  up  by 
the  hydrogen  in  the  gas,  and  a  considerable  quan- 
tity of  carbon,  for  which  there  is  not  sufficient 
oxygen  present,  is  thrown  down.  Combustion  takes 
place  almost  entirely  near  the  edge  of  the  flame, 
where  it  is  in  contact  with  the  oxygen  of  the  air ;  in 
the  middle,  the  gas  is  merely  decomposed  by  the 
heat  of  the  combustion,  and  in  this  heat  the  very 
finely-separated  particles  of  carbon  which  have  been 
precipitated  are  in  a  state  of  brilliant  incandescence. 
It  is  to  these  glowing  particles  that  the  gas  flame 
owes  its  illuminating  power.  In  order  to  see  them, 
it  is  only  necessary  to  hold  a  cold  substance,  such 
as  a  china  saucer,  in  the  brilliant  part  of  the  flame ; 
the  disengaged  carbon  covers  the  saucer  in  the 
form  of  the  finest  soot. 

The  same  thing  occurs  in  the  burning  of  tallow, 
stearine,  oil,  or  petroleum ;  in  the  lighting  of  candles 
or  lamps  the  combustible  substance  is  first  decom- 
posed, and  then  by  the  heat  of  combustion,  com- 
binations of  carburetted  hydrogen  arise  in  the  form 
of  gas.  When  the  oxygen  is  insufficient,  only  a 
small  portion  of  carbon  is  immediately  burnt,  and 
that  at  the  edge  of  the  flame,  where  a  great  deve- 
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lopment  of  heat  takes  place;  here  the  product  of 
combustion  is  a  gas  (carbonic  acid),  and  therefore 
the  edge  of  the  flame  gives  but  little  light ;  in  the 
inner  part,  however,  where  there  is  a  want  of  oxygen, 
the  solid  particles  of  carbon  attain  a  white  heat,  and 
only  as  they  escape  out  of  the  flame  burn  by  the 
high  temperature  of  the  edge.  It  is,  therefore,  the 
incandescent  solid  particles  of  carbon  that  give  to 
the  flame  its  illuminating  power. 

Easy,  therefore,  as  it  is  to  give  brilliancy  to  a  non- 
luminous  flame,  it  is  no  less  easy  to  deprive  a  bril- 
liant gas  flame  of  its  luminosity ;  all  that  is  required 
is  to  mix  such  a  quantity  of  oxygen  or  atmospheric 
air  with  the  gas  before  it  is  burnt,  that  the  oxygen 
penetrates  into  the  inner  part  of  the  flame,  and 
burns  all  the  carbon  present  in  the  gas.  When  this 
happens,  the  flame  instantly  ceases  to  be  luminous, 
and  is  found  nearly  under  the  same  conditions  as  the 
flame  of  pure  hydrogen  gas.  With  a  sufficient  quan- 
tity of  oxygen  the  combustion  of  the  hydrogen,  as 
well  as  of  the  carbon,  goes  on  with  unusual  rapidity 
in  all  parts  of  the  flame  at  once ;  the  natural  conse- 
quence of  this  is  that,  on  account  of  the  incomparably 
greater  development  of 'heat,  the  non-luminous  gas 
flame  is  much  hotter  than  the  luminous  one ;  it  is 
now  a  heat-flame,  and  a  source  of  heat  instead  of 
light. 

In  opposition  to  these  facts,  there  are  others 
which  prove  that  the  presence  of  solid  particles  in  a 
flame  is  by  no  means  necessary  in  order  to  give  it 
luminosity.    Frankland  has  shown  that  when  hy- 
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drogen  is  burnt  in  oxygen  under  a  pressure  gra- 
dually increasing  up  to  twenty  atmospheres,  the 
feeble  luminosity  of  the  flame  becomes  gradually 
augmented,  until,  at  a  pressure  of  ten  atmospheres, 
it  is  bright  enough  to  allow  of  a  newspaper  being 
read  at  the  distance  of  two  feet  from  the  flame.  A 
similar  increase  of  brilliancy  is  observed  in  the 
combustion  of  carbonic  oxide  gas  in  oxygen  under 
pressure;  and,  under  similar  conditions,  bisulphide  of 
carbon  burns  in  oxygen,  or  in  nitric  oxide  gas,  with 
an  intense  light,  though  no  solid  particles  are 
present  in  the  flame.  Frankland  maintains,  there- 
fore, that  the  luminosity  of  a  coal-gas  flame  is  not 
due  to  the  presence  of  solid  particles  of  incandes- 
cent carbon,  and  that  the  soot  deposited  on  a  por- 
celain saucer  from  a  gas  flame  is  not  solid  car- 
bon, but  a  conglomerate  of  the  densest  light-giving 
h3'drocarbons.  He  has  proved  that  the  very  clear 
flame  of  coal  gas  is  perfectly  transparent,  from  the 
fact  that  he  sent  the  intense  electric  light  through 
such  a  flame  on  to  a  screen,  without  the  least  trace 
being  perceived  of  any  solid  incandescent  particles 
of  carbon. 

While  Frankland  considers  the  luminosity  of  the 
flame  to  depend  mainly  on  the  density  of  the  burning 
gas,  St.  Claire  Deville  ascribes  it  chiefly  to  the 
temperature  of  the  combustion  which  is  dependent 
upon  the  density  of  the  gas. 

Whatever  may  be  the  cause  of  luminosity  in  an 
incandescent  body,  this  fact  is  certain,  that  incan- 
descent, solid,  and  liquid  bodies  possess  a  much 
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greater  brilliancy,  and  emit  a  much  more  intense 
light,  than  gases  do  when  rendered  luminous  under 
ordinar}^  pressure,  and  that  the  luminous  power  of 
gases  increases  in  proportion  to  the  pressure  to 
which  they  are  subjected,  by  which  their  density 
is  increased,  and  they  approach  more  nearly  the 
condition  of  fluids. 

3.  The  Bunsen  Burner. 

The  correctness  of  the  foregoing  statements  may 
be  easily  shown  by  a  lamp  of  Bunsen' s  construction 
(Fig.  2),  which  is  absolutely  required  in  all  re- 


FlG.  2. 


Bunsen's  Gas-burner. 

searches  with  spectrum  analysis.  This  burner  causes 
a  rapid  combustion  of  the  particles  of  carbon  in 
coal  gas,  and  so  generates  a  high  degree  of  heat, 
and  this  is  accomplished  by  allowing  the  gas  which 
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enters  the  lower  part  of  the  lamp  to  mix  plentifully 
with  atmospheric  air  before  passing  up  the  tube  to 
feed  the  burner.  For  this  purpose,  the  lower  cham- 
ber S  is  perforated,  so  that  the  outer  air  enters 
freely  while  the  gas  is  burning.  The  gas  takes  up 
here  a  sufficient  quantity  of  air,  and  then  rises  with 
it  to  the  top  of  the  tube  a  a. 

The  flame  gives  no  light,  but  its  heat  is  very 
considerable ;  if  the  supply  of  outer  air  be  inter- 
cepted by  closing  with  the  fingers  the  openings  to 
the  mixing  chamber  S,  the  flame  immediately  be- 
comes luminous,  and  throws  down  particles  of  car- 
bon in  abundance,  which  was  not  the  case  before, 
as  no  soot  whatever  is  deposited  on  a  china  saucer 
by  the  non-luminous  heat  flame. 

If  the  burner  be  contrived,  as  is  ver}^  desirable 
when  working  with  the  spectroscope,  so  that  the 
entrance  of  air  to  the  gas  can  be  shut  off  at  will, 
either  entirely  or  partially — which  is  easily  effected 
by  turning  round  a  perforated  ring — then  the  same 
burner  serves  to  give  alternately  a  luminous  or  a 
heat  flame.  When  the  ring  cuts  off  the  supply  of 
air  to  the  gas  by  closing  the  openings  to  the  mixing- 
chamber,  the  flame  shines  brightly,  like  any  ordinar}- 
gas  flame  ;  when,  on  the  contrary,  the  ring  is  turned 
to  allow  the  air  to  pass  into  the  mixing  chamber, 
the  luminosity  ceases,  and  the  flame  becomes  a  heat 
flame. 

The  heat  of  this  flame  is  so  intense  that  it  is 
capable  of  converting  many  substances  which  it  may 
be  desirable  to  examine  by  spectrum  analysis,  into  a 
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gaseous  condition,  causing  them  to  emit  sufficient 
light  to  yield  a  clearly  perceptible  spectrum.  But  a 
far  greater  heat  may  be  attained  if  the  atmospheric 
air,  instead  of  being  left  to  mix  itself  with  the  gas, 
be  forced  in  by  means  of  a  powerful  blowpipe.  A 
contrivance  of  this  kind  is  seen  in  the  gas-blowpipe 
(Fig.  3);  the  gas  from  the  pipe  G  enters  a  wide 


Fig  3, 


Bunsen's  Gas-blowpipe. 

tube  a,  which  is  closed  at  the  lower  end  by  a 
stopcock,  and  is  made  to  turn  on  a  pivot  round  the 
stand ;  the  gas  passes  through,  and  escapes  at  the 
further  end.  In  the  middle  of  this  tube  a  runs  a 
second  narrower  tube  b  b,  through  which  the  atmo- 
spheric air  is  forced  into  the  stream  of  gas  by  means 
of  a  bellows  and  an  elastic  tube.    The  gas  flame 

receives  so  much  oxygen  in  this  way,  not  only 
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round  the  edge,  but  also  in  the  centre,  that  an 
enormous  quantity  of  heat  is  generated  by  the 
complete  combustion  of  the  hydrogen  and  carbon. 
Over  the  escape  end,  a  tube  slides  up  and  down, 
and  partly  by  this  means,  and  partly  by  the  cocks, 
the  degree  of  heat  in  the  flame  can  be  regulated  at 
will.  The  greater  the  quantity  of  gas  which  can  be 
burnt  in  a  given  space,  and  the  greater  the  energy 
and  the  rapidity  of  the  combustion,  the  greater 
also  will  be  the  amount  of  heat  evolved.  For  this 
reason,  in  the  great  laboratories,  the  atmospheric  air 
is  forced  by  a  special  air-pump  into  a  strong  iron 
receiver  of  the  capacity  of  several  quarts,  where  it 
is  subjected  to  a  pressure  of  one  and  a  half  or  two 
atmospheres.  If  this  compressed  air  be  allowed  to 
escape  along  with  a  copious  stream  of  gas  from  a 
common  tube,  in  the  same  manner  as  we  have 
just  described,  the  flame  becomes  one  of  such 
intense  heat,  owing  to  the  rapid  and  complete  com- 
bustion of  so  large  a  quantity  of  carburetted  hy- 
drogen, that  it  has  power  to  melt  in  a  few  minutes 
considerable  quantities  of  the  least  fusible  metals, 
as,  for  example,  a  couple  of  pounds  of  platinum.* 

4.  The  Magnesium  Light. 

There  are  some  substances,  such  as  potassium, 
sodium,  etc.,  which  have  so  great  an  afiinity  for 
oxygen  that  they  wrest  it  even  out  of  its  most  inti- 

*  [For  the  melting  of  platinum,  air  and  hydrogen  or  oxygen 
and  coal  gas  should,  be  used.] 
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mate  combinations  in  order  to  form  with  it  a  new- 
substance, — a  process  accompanied  by  a  develop- 
ment of  both  light  and  heat.  Among  these  sub- 
stances, magnesium  is  especially  distinguished  for 
the  extraordinary  amount  of  heat  and  light  which 
it  thus  produces.  This  metal  is  white  like  silver, 
and  of  remarkable  metallic  brilliancy;  it  is  very- 
light,  but  somewhat  heavier  than  water,  so  that  it 
will  not  float  upon  its  surface.  When  heated  in  the 
air  up  to  a  certain  temperature,  it  ignites,  and  burns, 
at  the  expense  of  the  atmospheric  oxygen,  with  a 
white  and  dazzling  light  on  which,  when  near,  the 
eye  cannot  bear  to  look. 

Magnesium  burns  with  great  rapidity,  and  the 
solid  product  of  combustion — solid  incandescent 
magnesia — emits  a  very  intense  light  ;  it  partly 
rises  in  the  air  in  the  form  of  white  smoke,  and 
partly  falls  as  white  powder  to  the  ground.  Though 
the  luminous  power  of  the  sun  be  524  times  greater 
than  that  of  the  magnesium  light,  the  activity  of 
its  chemical  rays  is  only  about  five  times  as  great. 
This  light  is  therefore  peculiarly  adapted  for  the 
photographic  representation  of  objects  which  are 
badly  lighted,  of  works  of  art  in  dark  palaces  and 
churches,  of  underground  buildings,  and  of  small 
landscape  pictures,  such  as  representations  of  moon- 
light, etc.  It  is  well  known  that  the  Roman  cata- 
combs, and  the  dark  tomb  chambers  in  the  interior 
of  the  pyramids,  have  afforded  fine  photographic 
pictures  by  the  aid  of  the  magnesium  light. 

Unfortunately,  the  price  of  this  costly  metal  is 
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Still  high,  and  stands  now  at  20s.  per  ounce.*  It 
may  be  assumed  that  the  ordinary  magnesium  wire 
burns  about  one  grain  and  a  half  in  a  minute,  in 
value  about  a  halfpenny,  and  evolves  a  light  which 
in  intensity  is  equal  to  seventy-four  stearine  candles, 
of  which  five  go  to  the  pound.  From  these  expe- 
rimental data  it  may  easily  be  calculated  that  the 
tmit  0/ light  m  the  combustion  of  magnesium  does 
not  cost  much  more  than  its  equivalent  in  stearine 
candles. 

For  the  magnesium  light  to  be  of  practical  use, 

Fig.  4. 


Grant  and  Solomon's  Magnesium  Lamp. 


the  combustion  must  be  under  control,  and  the 
light  so  arranged  that  its  concentrated  rays  can  be 

*  [The  price  in  Hopkin  and  Williams's  (5,  New  Cavendish 
Street,  W.),  catalogue  is  12s.  per  ounce  for  magnesium  in  powder 
for  burning.] 
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thrown  in  any  direction.  The  lamp  constructed  by 
Grant  and  Solomon  accomplishes  this  object  with 
tolerable  success.  It  consists  (Fig.  4)  of  a  clock 
movement  enclosed  in  a  case,  which  when  wound 
up  by  the  key  c,  and  set  in  motion,  turns  two  small 
cylinders,  placed  one  over  the  other.  The  mag- 
nesium wire  enters  the  case  from  a  coil  at  0,  where 
it  passes  between  the  cylinders,  and  is  pushed  for- 
ward at  a  uniform  speed  through  the  small  brass 
tube  p  q.  The  orifice  q  of  this  tube  is  in  the  focus 
of  a  silvered  concave  mirror,  so  that  when  the  wire 
q  is  ignited,  all  its  light  is  thrown  forward  ;  by 
means  of  the  handle  b  the  lamp  can  be  turned  in 
any  direction. 

The  adjustable  fan  R  serves  to  accelerate  or  re- 
tard the  speed  of  the  clock;  the  works  are  set  in 
motion  by  pressing  down  the  button  a,  and  stopped 
by  pressing  the  button  in  the  contrary  direction. 

In  order  to  carry  away  rapidly  the  magnesia 
formed  by  the  burning  magnesium,  an  artificial 
draught  is  arranged,  which,  as  the  front  of  the  lamp 
is  enclosed  by  a  glass  door,  escapes  into  a  chimney 
above,  through  the  space  between  it  and  the  re- 
flector, while  the  outer  atmospheric  air  is  allowed 
a  free  entrance  by  an  opening  beneath.  The  mag- 
nesium vapour  rises  up  the  chimney,  and  thus 
the  reflecting  mirror,  and  the  room  in  which  the 
combustion  takes  place,  escape  contamination  from 
the  fumes.  Another  excellent  lamp  of  this  kind, 
contrived  by  Professor  Morton,  of  Philadelphia,  is 
represented  in  Fig.  5.    The  clockwork  is  placed  at 
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the  lower  part  of  the  case  at  the  back,  above  which 
stand  two  reels  of  magnesium  wire.  In  the  front 
part  of  the  case  are  fixed  the  two  cylinders  through 
which,  by  means  of  clockwork,  the  bands  of  mag- 
nesium are  pushed  beneath  the  chimney  towards 
the  opening  in  front,  where  they  are  ignited.  The 
atmospheric  air  is  allowed  a  free  entrance  to  the 
place  of  combustion,  both  in  front  and  at  the  sides, 

Fig.  s. 


Professor  Morton's  Magnesium  Lamp. 


so  that  a  powerful  draught  is  created,  by  which  the 
fumes  of  magnesia  are  carried  up  the  chimney.* 
In  the  lower  part  of  the  chimney,  below  the  light, 

*  [When  the  light  of  burning  magnesium  is  observed  spectro- 
scopically,  in  addition  to  a  brilHant  continuous  spectrum,  the 
bright  Unes  of  the  vapour  of  magnesium  are  seen,  and  also  other 
lines  which  Huggins  found  in  the  light  of  magnesia  heated  in  the 
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work  eccentric  cutters,  by  which  the  ashes  formed 
by  the  combustion  are  removed  from  time  to  time. 
Above  the  chimney  is  placed  a  bent  tin  tube  of 
from  three  to  six  feet  in  height,  over  which  is 
fastened  a  bag  of  gauze  or  muslin,  which,  without 
presenting  any  perceptible  hindrance  to  the  current 
of  air,  prevents  the  magnesia  dust  from  escaping. 
By  this  contrivance  the  light  is  preserved  from  the 
prejudicial  influence  of  the  vapours ;  it  exceeds  in 
brilliancy  that  of  the  lamp  described  above,  and 
burns  with  steadiness  and  regularity. 

We  have  dwelt  the  longer  on  this  light  since 
magnesium  plays  so  important  a  part  in  spectrum 
analysis ;  but  the  heat  which  its  combustion  gene- 
rates cannot  be  used  for  volatilizing  other  substances 
and  rendering  them  luminous,  as  its  brilliancy  is  so 
great  as  to  completely  overpower  their  light.  Under 
these  circumstances  we  must  seek  for  a  flame  which, 
with  the  least  possible  luminosity,  shall  yet  evolve 
sufficient  heat  to  fuse  most  metals  ;  such  a  flame 
chemistry  furnishes  us  in  the  oxyhydrogen  blow- 
pipe. 

5.  The  Oxyhydrogen  Flame. 

In  the  Bunsen  burner  the  combustion  of  coal  gas 
ensues  slowly  and  incompletely:  slowly,  because  the 

oxyhydrogen  flame,  and  which  appear  to  belong  to  volatilized  mag- 
nesia. The  light  of  magnesium  burning  in  air  seems  to  have  a 
threefold  source,  luminous  vapour  of  magnesium,  luminous  vapour 
of  magnesia,  but  chiefly  incandescent  solid  magnesia  from  the 
combination  of  the  metal  with  the  oxygen  of  the  air.] 
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hydrogen  in  combination  with  carbon  is  supplied 
only  in  small  quantities ;  incompletely,  because  the 
gases  are  not  mixed  in  due  proportions,  and  the 
nitrogen  of  the  air  presents  a  hindrance.  If,  on  the 
contrary,  pure  hydrogen  gas  be  previously  mixed 
with  as  much  pure  oxygen  as  will  ensure  its  com- 
plete combustion  (two  volumes  of  hydrogen  with 
one  of  oxygen),  oxyhydrogen  gas  is  obtained,  which 
when  ignited  explodes  with  a  fearful  noise,  and  oc- 
casions sometimes  the  destruction  of  the  strongest 
Vessels.  The  heat  evolved  by  this  combustion  is 
the  greatest  which  can  at  present  be  produced  by 
chemical  means,  and  it  is  sufficient  to  accomplish  the 
fusion  of  substances  which  have  borne  unchanged 
the  action  of  the  hottest  furnaces. 

To  make  use  of  the  intense  heat  of  this  flame 
without  encountering  the  danger  of  an  explosion, 
the  gases  must  not  be  mixed  before  ignition,  nor 
allowed  to  flow  out  of  the  same  common  reser\'oir, 
as  in  that  case  the  flame  would  spread  into  the 
interior,  and  cause  the  ignition  of  the  whole  quan- 
tity. It  is  necessary  so  to  arrange  the  apparatus 
that  the  gases  shall  reach  the  emission  tube  from 
separate  vessels,  and  be  allowed  to  mix  only  imme- 
diately before  escaping  from  the  burner. 

The  simplest  arrangement  of  this  kind  is  similar 
to  that  of  the  gas-blowpipe  in  Fig.  3,  but  with  this 
difference,  that  the  section  of  the  two  tubes  should 
bear  more  nearly  the  relation  of  two  to  one.  The 
gases  are  stored  in  two  separate  gas-bags*  (Fig.  6), 
*  [More  convenient  than  the  bags,  in  which  the  gases  can  be 
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whence  they  reach  the  lamp  by  means  of  pres- 
sure. The  outer  wide  tube  of  the  lamp  must  be 
placed  in  connection  with  the  hydrogen  reservoir, 
and  the  inner  narrow  one  with  that  containing  oxy- 
gen ;  both  the  tubes  should  be  fitted  with  a  fine 
brass-wire  netting,  to  prevent  the  flame  retreating 
into  the  inside,  or  the  gas  extending  from  one  tube 
to  the  other,  from  any  cause,  such  as  the  diminution 
of  pressure  in  the  reservoirs. 

A  very  convenient  arrangement  for  such  an  oxy- 


FiG.  6. 


Gas-bag  for  Oxygen  or  Hydrogen. 


hydrogen  lamp,  or  blowpipe,  is  made  by  fixing  on 
to  a  stand  the  burner  C  (Fig.  7),  with  its  two  tubes 
S  and  W  conveying  oxygen  and  hydrogen,  the 
upper  part  of  the  tube  C  being  inclined  side- 
ways, and  so  connected  with  its  lower  portion  that 

kept  Avith  safety  but  a  very  short  time,  are  the  wrought-iron  ves- 
sels which  may  be  purchased  of  Mr.  Ladd,  Beak  Street,  London, 
filled  with  the  gases  condensed  to  about  twenty  atmospheres. 
These  iron  bottles  contain  sufficient  gas  to  maintain  an  ordinary 
oxyhydrogen  light  for  from  six  to  eight  hours.  They  can  be  refilled 
with  condensed  gas  at  a  small  expense.] 
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it  can  be  turned  in  any  direction.  If  a  carrier  be 
connected  to  the  piece  E,  which  may  be  made  to 
approach  the  burner,  and  furnished  at  the  end  with 
a  contrivance  for  holding  things,  such  as  a  socket, 
pincers,  a  small  plate,  etc. ;  and  further,  if  a  screw 
with  rackwork  be  so  applied  that  the  whole  upper 

Fig.  7. 


Oxyhydiogen  Blowpipe.    (Dnimmond's  Lime-light.) 

part  E  may  be  moved  up  and  down, — we  obtain 
an  apparatus  which  can  be  used  for  heat  as  well  as 
light,  and  which,  on  account  of  its  being  so  easily 
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manipulated,  may  be  employed  for  many  practical 
purposes. 

To  produce  the  oxyhydrogen  flame,  it  is  necessary 
to  open  first  the  cock  W,  and  allow  the  hydrogen  to 
flow  out  for  a  few  seconds  before  igniting  it,  that  it 
may  expel  the  atmospheric  air  remaining  in  the 
elastic  tube ;  the  hydrogen  burns,  under  the  pressure 
of  the  weight  lying  upon  the  bag  of  gas  (100  lb.),  in 
a  long,  faintly  luminous  flame.  The  oxygen  cock 
S  may  now  be  carefully  opened, — the  entrance  of 
the  oxygen  into  the  hydrogen  flame  being  gene- 
rally announced  by  a  very  faint  explosion, — and  on 
gradually  fully  opening  the  tap  the  flame  becomes 
shorter  and  more  pointed,  until  its  luminosity  almost 
entirely  ceases ;  if  the  excess  of  hydrogen  gas  be 
now  shut  off  by  turning  the  cock  W,  there  will  be 
immediately  formed  the  small,  pointed,  non-lumin- 
ous flame  of  the  oxyhydrogen  blowpipe. 

It  would  carry  us  too  far  from  our  present  pur- 
pose were  we  to  describe  the  range  of  wonderful 
experiments  in  combustion  which  are  made  with 
the  oxyhydrogen  blowpipe  in  the  lecture-rooms  of 
chemists ;  two  of  these  will  suffice  to  show  the 
powerful  heat  produced  by  this  flame. 

If  a  thick  wire  of  platinum,  a  metal  very  difficult 
to  fuse,  be  held  in  the  flame,  it  melts  immediately 
like  wax.  If  a  bundle  of  steel  wires  be  placed  in  the 
flame,  the  iron  sputters  about  in  a  thousand  bril- 
liant sparks  like  a  shower  of  fire,  and  great  molten 
drops  of  the  glowing  metal  fall  to  the  ground  from 
time  to  time,  and  run  about  in  all  directions. 
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6.  Drummond's  Lime-light. 

In  order  to  make  the  oxyhydrogen  flame  a  source 
of  intense  light,  a  cylinder,  D  (Fig.  7),  of  well- 
burnt  lime  is  placed  upon  the  socket  of  the  lamp, 
and  the  flame  directed  against  its  upper  part ;  it 
begins  at  once  to  glow,  and  throws  out  a  dazzling 
light. 

The  oxyhydrogen  light,  or  Drummond's  lime-light 
as  it  is  sometimes  called,  after  its  discoverer,  attains 
a  "still  higher  intensity,  if  a  piece  of  magnesium  or 
zirconia  be  substituted  for  the  cylinder  of  lime — 
an  arrangement  that  has  often  been  adopted  in  the 
public  illuminations  in  Paris.  While  the  lime  cylin- 
der slowly  consumes  in  the  oxyhydrogen  lamp,  so 
that  fresh  surfaces  must  be  constantly  presented  to 
the  flame,  the  piece  of  zirconia  does  not  waste,  and 
remains  unchanged,  in  spite  of  the  most  intense 
incandescence.* 

As  the  heat  as  well  as  the  light  of  the  oxy- 
hydrogen flame  depends  upon  the  quantity  of  the 
burning  gases,  it  is  difficult  to  estimate  the  tempe- 
rature with  accuracy,  In  a  lamp  in  which  the 
diameter  of  the  outer  tube  (hydrogen)  is  four- 

*  [Huggins  found  in  the  spectrum  of  the  Hght  from  Hme  placed 
in  the  oxyhydrogen  flame,  bright  lines  similar  to  those  which  are 
seen  when  chloride  of  calcium  is  heated  in  the  flame  of  the 
Bunsen  burner,  and  which  belong  probably  to  volatilized  Hme,  and 
not  to  the  vapour  of  calcium.  These  lines  show  that  a  portion 
of  the  lime  is  volatilized  by  the  heat.  No  lines  were  seen  in  the 
spectrum  when  zirconia  was  employed ;  this  earth,  therefore, 
appears  to  be  fixed  at  the  temperature  of  the  oxyhydrogen  flame.] 
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tenths  of  an  inch,  and  that  of  the  inner  one 
(oxygen)  one-fifth  of  an  inch,  the  strength  of  the 
light  is  at  least  equal  to  that  of  180  stearine 
candles ;  the  temperature  at  which  platinum  melts 
is  about  1,470°  C.  (2,678°  Fahr.) ;  but  the  heat  of 
this  flame  under  ordinary  pressure  is  estimated  by 
Bunsen  to  be  2,800°  C.  (5,070°  Fahr.)*  As  the 
oxyhydrogen  light  and  the  magnesium  light  are 
employed  in  a  variety  of  ways, — not  only  in  public 
illuminations,  but  also  in  theatrical  displays,  in  the 
exhibition  of  dissolving  views,  and  in  the  gas 
microscope, — so  the  non-luminous  flame  renders 
important  service  to  spectrum  analysis  on  account 
of  its  extraordinary  heat,  in  which  many  sub- 
stances may  be  rendered  luminous  in  a  state  of 
vapour. 

The  facility  with  which  oxygen  gas  can  now  be 
produced  in  large  quantities,  and  the  possibility  of 
employing  ordinary  coal  gas  in  place  of  pure  hydro- 
gen gas  combine  to  render  the  oxyhydrogen  flame 
a  cheap  mode  of  developing  an  extraordinary  de- 
gree of  heat  and  light,  easy  and  safe  to  manage, 
and  sufficient  in  most  cases  to  exhibit,  even  to  a 

*  [Pouillet  gives  3,082°  F.  as  the  melting  point  of  platinum. 
By  calculations  founded  upon  the  amount  of  heat  ascertained  by- 
Andrews  and  others  to  be  emitted  during  the  combustion  of  a 
given  weight  of  hydrogen,  and  the  experiments  of  Regnault  upon 
the  specific  heat  of  oxygen,  hydrogen,  and  steam,  it  has  been 
shown  by  Bunsen  that  the  temperature  of  the  oxyhydrogen  flame 
cannot  exceed  14,580°  F.,  but  the  actual  flame-temperature,  as 
shown  by  the  experiments  of  Deville  and  Bunsen,  is  probably 
from  4,500°  F.  to  6,000°  F.] 
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large  audience,  the  physical  principles  of  spectrum 
analysis,  and  its  various  methods  of  application.* 

7.  The  Electric  Spark. 

To  attain,  however,  the  greatest  amount  of  heat 
and  light  which  can  at  present  be  produced,  we 
must  leave  the  province  of  chemistr}^,  with  its  pro- 
cesses of  combustion,  and  turn  to  that  of  elec- 
tricity, where  we  are  encountered  by  a  host  of 
phenomena,  accompanied  by  an  intense  degree  of 
light  and  heat. 

When  the  electric  spark  flashes  from  the  thunder- 
cloud to  the  earth,  it  illuminates  the  country  around 
with  a  blinding  light ;  it  ignites  and  melts  on  its 
way  the  least  fusible  materials  ;  in  lightning  we 
have  the  greatest  heat  and  the  most  intense  light 


Fig.  8. 


The  Electric  Spark. 


which  the  powers  of  our  earth  are  able  in  general 
to  produce.    But  we  can  make  no  use  of  this 

*  [The  oxyhydrogen  lamp  is  sufficient  for  the  exhibition  on  a 
screen  of  the  coloured  photographs  of  the  drawings  of  spectra,  but 
when  it  is  desired  to  exhibit  the  spectra  of  metals,  the  electric 
lamp  should  be  employed.] 
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electric  discharge  ;  we  are  scarcely  even  able  to 
escape  its  destructive  influence,  and  to  prescribe 
to  the  lightning"  its  appointed  path  from  the  cloud  to 
the  earth.  We  must  therefore,  under  such  circum- 
stances, confine  ourselves  to  the  electric  discharge 
as  produced  by  artificial  means. 

Besides  the  well-known  machines  which  excite 
electricity  through  the  friction  of  a  glass  disk,  there 
has  been  added  of  late  a  contrivance  called  an 
induction  machine,  which  yields  a  rich  supply  of 
electric  force,  and  gives  a  spark  of  intense  bril- 
liancy. In  all  electrical  motors  arranged  for  ex- 
hibiting light,  sparks  are  formed  between  two 
metallic  poles  or  pieces  of  wire  (Fig.  8),  which  are 
placed  in  contact  with  those  parts  of  the  machine 
which  collect  the  positive  and  negative  electricity. 
By  the  mutual  attraction  of  the  two  electricities,  and 
the  struggle  for  union,  there  ensues  a  tension  of 
electricity  at  the  end  of  the  metal  poles  when  they 
are  separated  from  each  other ;  if  this  be  so  strong 
that  the  obstacle  presented  by  the  stratum  of  air 
between  the  metallic  conductors  is  overcome  by  it, 
then  the  electricities  are  instantly  united,  and  the 
union  takes  place  in  that  form  of  light  and  heat 
which  is  called  the  electric  spark. 

The  amount  of  heat  thus  generated  depends  upon 
the  degree  of  tension  and  the  quantities  of  elec- 
tricity by  the  union  of  which  it  is  produced ;  but  in 
most  cases  it  is  so  great  that  small  particles  of  the 
metal  poles  are  volatilized,  and  become  luminous. 
The  glowing  metallic  vapour  affects  the  colour  of 
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the  Spark,  which  therefore  appears  with  various 
kinds  of  light,  according  to  the  nature  of  the  con- 
ductors. These  phenomena  afford  us,  in  aid  of 
our  researches  with  spectrum  analysis,  a  very 
simple  method  of  volatilizing  and  raising  to  a  high 


Fig.  9. 


The  Electric  Spark  intensified  by  a  Condenser. 


degree  of  luminosity  most  of  the  metals,  and  other 
substances  which  are  conductors  of  electricity.  To 
obtain  the  same  result  with  liquids,  it  is  only  neces- 
sary, as  will  hereafter  be  more  fully  described,  to 
place  one  of  the  metal  poles  in  the  liquid  to  be 
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examined,  and  to  bring'  the  other  sufficiently  near 
the  surface  for  the  spark  to  pass  from  it  to  the 
liquid.  By  the  heat  of  the  spark  a  small  portion 
of  the  liquid  is  volatilized  and  made  luminous. 

If  the  spark  supplied  by  these  machines  be  insuf- 
ficient, and  a  higher  degree  of  heat  be  desired,  an 
intensifying  apparatus,  such  as  a  Leyden  jar,  F,  or 
a  condenser,  must  be  placed  between  the  two  metal 
conductors  A,  B  (Fig.  9) ;  the  spark  passes  between 
A  and  B  only  when  the  condenser  has  become 
charged,  and  the  heat  evolved  is  in  proportion  to 
the  amount  of  electricity  collected  in  the  condenser. 

Gases  can  also  be  made  luminous  by  the  electric 
spark  if  enclosed  in  glass  tubes  and  the  spark  sent 
through  them.  The  discharge  then  takes  a  dif- 
ferent colour  according  to  the  nature  of  the  gas  :  in 
hydrogen  gas  it  appears  a  purple-red — in  chlorine, 
green — in  nitrogen,  violet — in  oxygen,  white  ;  but 
this  method  is  not  advisable  in  general,  because  the 
heat  of  the  spark  is  insufficient  at  the  ordinary  pres- 
sure to  render  a  large  quantity  of  gas  luminous  ;  it 
will  presently  be  seen  how  this  object  may  be  at- 
tained by  rarefying  the  gas. 

8.  The  Induction  Coil. 

Among  the  most  powerful  motors  of  electricity  is 
that  apparatus  which  by  means  of  a  comparatively 
weak  electric  current  acting  on  every  part  of  a  thin 
wire  many  thousand  feet  in  length,  and  completely 
insulated,  produces  electric  sparks  of  such  length 
and  tension  that  they  may  bear  comparison  even 
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with  lightning.  The  small  instruments  of  this  kind, 
which  are  frequently  employed  in  medical  practice, 
are  known  by  the  name  of  Induction  Coils.  Those 
of  larger  size  are  called,  after  their  inventor, 
Ruhmkorff's  Induction  Coils,  and  are  now  so  con- 
structed that  with  moderate  dimensions  they  give 
sparks  from  twelve  to  sixteen  inches  in  length. 

If  a  long  strip  of  gummed  paper  be  strewed  with 
copper  filings  and  brought  when  dry  in  connection 
with  the  poles  of  the  induction  coil,  the  current 
runs  over  the  whole  path  of  the  filings,  and  passes 
from  one  particle  to  another  with  such  rapidity 
as  to  give  to  the  chain  of  successive  sparks  the 
appearance  of  one  long  stream  of  lightning.  In 
this  way  sparks  can  be  formed  of  from  twelve  to 
sixteen  feet  in  length,  which  by  their  form,  bril- 
liancy, and  loud  report  bear  the  closest  resemblance 
to  lightning. 

For  most  purposes  of  spectrum  analysis,  an  induc- 
tion coil  of  moderate  strength  is  sufficient ;  the  poles 
are  constructed  of  platinum,  because  this  metal  is 
able  to  withstand  the  heat  of  the  sparks  which, 
when  the  instrument  is  in  operation,  pass  between 
them  with  a  loud  crackling  noise,  and  follow  each 
other  in  such  quick  succession  that  they  appear  as 
one  continuous  stream  of  light  of  intense  brilliancy. 
As  the  induction  coil,  when  once  set  to  work,  is 
self-acting,  it  is  much  more  suited  to  the  require- 
ments of  spectrum  analysis  than  those  machines 
which  supply  electricity  only  so  long  as  their  glass 
disks  are  in  revolution. 
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Fig.  io. 


9.  Luminosity  of  Gases  ;  Geissler's  Tubes. 

Experience  has  long  shown  that  gases  in  a  rare- 
fied condition  are  good  conductors  of  electricity, 
while  they  are  without  exception  bad  conductors 
when  in  a  state  of  greater  density.  At  the  time 
when  Bunsen  and  Kirchhoff  first  introduced  spec- 
trum analysis  into  science,  it  was  known  that  in  an 
egg-shaped  glass  vessel  (Fig. 
10)  in  which  the  air  had  been 
rarefied  by  an  ordinary  air- 
pump  to  a  pressure  of  from 
'  to  -  of  an  inch  of  mercurv, 
the  electric  current  would 
pass  with  the  greatest  readi- 
ness, in  the  form  of  a  lumi- 
nous arch,  between  the  metal 
knobs  enclosed  in  the  air- 
tight vessel,  even  when  the 
knobs  were  eight  or  ten  in- 
ches apart — an  envelope  of 
blue  light  surrounding  the 
ball  by  which  the  negative 
current  entered,  and  a  brush 
of  reddish  light  being  emitted 
from  the  positive  ball. 

If  small  quantities  of  the 
vapours    of    certain  sub- 
stances, such  as  alcohol,  phosphorus,  or  turpentine, 
be  introduced  into  the  glass  vessel  before  rarefy- 
ing the  air,  the  spray  of  light  will  not  merely  be 

3  A 
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Fig.  II. 


coloured  according  to  the  nature  of  the.se  vapours, 
but  there  will  be  also  a  series  of  dark  stripes  break- 
ing crossways  through  the  light,  which  therefore, 

as  it  disperses  from  the  metal  knobs, 
will  no  longer  be  continuous,  but 
be  interrupted  by  dark  strata. 

The  study  of  these  phenomena 
has  been  simplified  and  considerably 
extended  since  Dr.  Geissler,  of  Bonn, 
by  a  new  method  of  rarefying  air 
succeeded  in  producing  a  vacuum 
in  glass  tubes,  in  which  the  gases 
to  be  investigated  could  be  enclosed 
in  a  state  of  extreme  attenuation, 
and  which,  by  means  of  two  plati- 
num wires  soldered  at  the  end  of 
the  tubes,  could  be  brought  into 
connection  with  the  poles  of  an  in- 
duction coil. 

These  phenomena  vary  exceed- 
ingly according  to  the  form  and 
composition  of  the  glass  of  which 
each  portion  of  the  tube  is  com- 
posed, but  especially  according  to 
the  nature  of  the  gas  enclosed,  and 
its  degree  of  tenuity.  Fig.  1 1  shows 
a  compound  Geissler' s  tube  of  this 
kind ;  when  in  contact  with  the 
poles  of  the  induction  coil,  and  the 
gas  rendered  luminous  by  the  pas- 
sage of  the  electric  current,  those  portions  of  the 


Gcissler's  Tube. 
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tube  which  are  filled  with  rarefied  atmospheric  air, 
or  nitrogen,  emit  a  beautiful  red  light;  carbonic 
acid  and  carburetted  hydrogens  give  green  and 
white  tints;  in  a  dark  room  these  tubes  present  a 
splendid  spectacle  by  the  alternate 
strata  of  dark  and  brilliant  parts,  the 
purity  of  the  colours,  and  the  variety 
of  forms  into  which  the  glass  has 
been  manufactured. 

Geissler's  tubes  furnish  a  very  con- 
venient means  for  rendering  any  gas 
luminous ;  but  the  intensity  of  the 
light  emitted  by  the  gases  when  en- 
closed in  these  tubes  is  for  the  most 
part  too  small  for  the  purposes  of 
spectrum  analysis,  for  the  spectrum 
of  such  a  tube  can  be  examined  only 
when  every  other  light  is  withdrawn. 
Professor  Pliicker,  of  l^onn,  who 
among  the  various  scientific  men  dis- 
tinguished for  their  labours  in  the 
development  of  spectrum  analysis 
holds  a  foremost  place,  and  whose 
researches  on  the  spectra  of  gases 
are  of  the  highest  value,  concen- 


trated  this   faint  light    by  causing 


Plucker's  TuIjc. 


the  electricity  to  pass  through  rare- 
fied gas  confined  in  a  very  small  space,  and  this 
he  successfully  accomplished  by  substituting  very 
narrow  capillary  tubes  for  the  wider  ones  previously 
used. 
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Let  US  examine  a  series  of  Pliicker's  tubes  as 
prepared  for  the  purposes  of  spectrum  analysis. 
The  first  of  these  is  almost  reduced  to  a  vacuum 
— at  least  the  small  amount  of  gas  in  it  does  not 
produce  a  greater  pressure  than  -J-  of  an  inch  of 
mercury:  the  second  tube  (Fig.  12),  where  the 
central  portion  ab  \'$,  capillar)'-,  encloses  extremely 
rarefied  hydrogen  gas,  the  third  nitrogen,  the  others 
oxygen,  chlorine,  carbonic  acid,  and  minute  traces 
of  the  vapours  of  iodine,  sulphur,  quicksilver,  se- 
lenium, etc.    If  these  tubes  be  brought  singly  into 


Fig.  13. 


Bunsen's  Battery. 


connection  with  an  induction  coil,  in  order  that  the 
current  may  pass  between  the  platinum  wires  A  and 
B,  and  render  the  gas  enclosed  luminous,  the  first 
tube  shows  no  appearance  of  light,  although  the 
wires  are  barely  separated  \^  of  an  inch,  and  the 
spark  could  be  discharged  in  air  at  the  distance  of 
two  or  three  inches.  It  therefore  follows  that  the 
electric  current  requires  a  material  conductor  for  its 
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transmission  from  one  wire  to  the  other,  and  that  it 
cannot  pass  where  there  is  no  trace  of  either  gas 
or  vapour — that  is  to  say,  in  vacuo.  In  the  other 
tubes,  however,  the  light  passes  through  the  nar- 
row portion  a  b  with  considerable  intensity,  and  is 
visible  at  some  distance  as  a  sharply  defined  line, 
bearing  a  very  decided  colour  peculiar  to  the 
luminous  gas.  These  tubes  therefore  supply  a 
means  of  rendering  gases  and  vapours  luminous ; 
they  emit  under  the  influence  of  the  electric  current 
a  brilliant  line  of  light  which  is  well  adapted  for 
observations  of  the  spectrum  of  the  enclosed  gas.* 

10.  The  Voltaic  Arc  ;  The  Electric  Light. 

It  will  be  well  now  to  turn  our  attention  for  a 
short  time  to  that  source  of  electricity  which  is  able 
to  evolve  the  highest  degree  of  heat  with  the  most 
intense  light — namely,  the  voltaic  arc,  or  the  electric 
light.  When  the  poles,  C,  Z,  of  a  powerful  voltaic 
battery,  such  as  a  Bunsen  battery,  of  fifty  or  sixty 
elements  (Fig.  13),  are  connected  by  means  of  two 
metal  wires  with  two  pieces  of  carbon,  a,  b  (Fig. 
14),  and  these  brought  into  contact,  the  electricity 
generated  by  the  battery  is  discharged  between 
them  through  the  carbon,  which  is  nearly  as  good  a 
conductor  as  the  metal.  If  these  pieces  of  carbon 
be  pointed  at  the  ends,  an  extraordinarily  intense 

*  [For  simply  viewing  the  spectra  of  the  gases  in  these  tubes, 
a  spectrosco]),;  may  be  dispensed  with.  It  is  only  necessary  to 
view  the  brilliant  line  of  light  through  a  prism  held  before  the 
eye.] 
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light  is  emitted  on  the  passage  of  the  current  at  the 
points  of  contact,  and  they  may  be  separated  one 
or  two  tenths  of  an  inch  without  interrupting  the 
discharge. 

If  the  copper  wires  K,  Z,  from  the  poles  of  the 


Fig.  14. 


The  Electric  Light. 


battery,  be  connected  with  the  metal  rods  A,  B,  in 
which  the  carbon  points  a,  b  are  hxed,  the  electric 
current  cannot  break  through  the  stratum  of  air 
between  these  points  so  long  as  they  are  not  in 
contact,  though  this  would  easily  be  effected 
were    the   electricity    of  high    tension    from  an 
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electrical  machine  or  an  induction  coil.  If  the 
upper  metal  rod  A,  which  carries  the  negative 
carbon,  be  brought  down  so  as  to  bring  the  two 
points  in  contact,  there  starts  out  at  the  same 
instant  a  bright  point  of  light,  which  in  proportion 
as  the  poles  are  separated  one-tenth  of  an  inch  or 
more,  increases  in  extent  and  power,  filling  a  large 
space  with  its  brilliancy  :  the  light  is  suddenly  ex- 
tinguished if  the  carbon  points  are  still  further 
separated.  If  by  pushing  down  the  movable  rod 
A,  the  points  are  again  brought  into  contact — 
reproducing  the  light — then  separated  a  little,  and 
the  machine  left  to  itself,  it  will  be  seen  after  a 
while,  by  the  use  of  a  dark  glass,  that  the  distance 
between  the  points  increases,  and  that  their  form  is 
constantly  changing ;  after  a  short  time  the  light 
goes  out  of  itself,  because  the  distance  between  the 
points  has  become  so  great  that  the  electric  current 
can  no  longer  overcome  the  resistance  of  the  inter- 
vening stratum  of  air. 

It  is  not  prudent  to  expose  the  eye  to  a  near 
inspection  of  this  dazzling  light,  and  dark  glasses 
prevent  the  delicate  changes  which  are  taking  place 
from  being  observed  with  sufficient  distinctness ;  it 
is  therefore  advisable,  after  the  example  of  Le  Roux, 
to  throw  upon  a  white  screen  an  enlarged  image 
of  the  glowing  carbons  by  means  of  a  magnifying 
glass,  when  the  appearance  of  the  incandescent 
carbons  and  the  mtervening  arc  of  flame  may  be 
observed  from  a  distance  without  injury  to  the 
eyes. 
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For  this  purpose  the  room  must  be  darkened,  and 
a  somewhat  different  arrangement  employed  for 
holding-  the  carbon  points  in  the  lamp  A  (Fig.  15).* 
This  apparatus  is  provided,  like  a  magic  lantern, 
with  a  lens,  L,  of  suitable  focal  distance,  placed 
in  front,  and  a  concave  reflecting  mirror,  S,  behind ; 


Fig.  15. 


Projection  of  the  Voltaic  Arc. 


a  diaphragm  with  different-sized  holes  is  placed 
before  the  lens,  in  which  an  opening  of  medium 
size  (about  one-eighth  of  an  inch)  is  selected,  the 
electric   current   allowed  to  enter,  and  the  lens 

*  In  the  drawing,  this  is  made  to  appear  open  at  the  side,  to 
show  the  arrangement  of  the  carbon  points  0  u,  the  lens  Z,  and 
the  reflector  6".  In  reality,  the  lamp  is  shut  close  up  after  receiving 
the  carbon  holder.  ' 
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pushed  backwards  and  forwards  until  the  magnified 
image  of  the  carbon  points  is  quite  distinct  on  the 
white  paper  screen  P,  placed  about  thirteen  feet 


Fig.  1 6. 


The  Cailjoii  roiiits  of  ihc  Electric  Light.    (Highly  magnified.) 

from  the  lamp.  With  this  image  (Fig.  i6),  in 
which  the  carbon  points  are  magnified  one  hundred 
times,  and  made  to  appear  the  length  of  six  feet, 
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the  slight  changes  going  on  in  them  can  be  easily 
observed.  It  will  be  noticed  at  the  first  glance  that 
the  intense  light  is  emitted  by  the  incandescent 
carbon,  and  that  the  arc  of  flame  flickering  be- 
tween the  points — called  the  voltaic  arc — is  com- 
paratively little  luminous.  It  will  be  remarked  also 
that  one  of  the  carbon  points  begins  to  increase 
at  the  expense  of  the  other ;  that  which  first  loses 
its  point  and  wastes  the  fastest,  is  always  the  one 
which  is  in  connection  with  the  positive  pole  (the 
carbon  pole)  of  the  battery.  Very  intensely  bright 
particles  pass  from  time  to  time  from  the  positive 
to  the  negative  carbon ;  little  globules  are  to  be 
seen  running  about  on  the  surface  of  the  carbon — 
globules  of  melted  silica,  a  substance  always  to  be 
found  even  in  the  purest  carbon  ;  these  are  the 
enemies  of  the  electric  light,  for  they  give  by  their 
motion  a  certain  irregularity  to  the  arc  of  flame, 
and  as  they  are  much  less  brilliant  than  the  carbon, 
they  considerably  abate  the  intensity  of  the  light. 
Should  these  globules,  by  their  restless  movements, 
reach  the  hottest  part  of  the  points  where  the 
strongest  light  is  emitted,  their  rapid  motion  is  made 
known  by  a  hissing  noise,  but  unfortunately  also  by 
a  sudden  diminution  of  the  light. 

When  the  carbon  points  have  become  so  separated 
that  the  voltaic  current  has  difficulty  in  passing,  by 
means  of  the  incandescent  particles,  through  the  air 
from  one  pole  to  the  other,  the  strength  of  the 
current  suddenly  diminishes,  and  in  like  proportion 
the  light  begins  to  wane.    This  is  at  last  extin- 
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guished,  because  the  electric  current  can  no  longer 
build  itself  a  bridge  out  of  the  glowing  particles,  on 
account  of  the  distance,  of  perhaps  half  an  inch,  by 
which  the  points  are  then  separated. 

It  is  evident  from  what  has  been  stated  that  the 
electric  light  is  certainly  very  intense,  but  also  very 
uncertain,  and  that  a  special  contrivance  is  required 
to  make  the  electric  arc  a  source  of  continuous  and 
steady  light.  In  order  to  adapt  it  to  optical  pur- 
poses— such  as  projecting  an  image  on  a  screen  to 
be  seen  by  a  num.ber  of  spectators  in  the  same  way 
as  sun-light  or  Drummond's  lime-light  is  employed 
— a  further  contrivance  must  be  added,  to  ensure 
the  fixed  position  of  the  light  by  keeping  the  carbon 
points  not  only  at  the  same  distance  from  each 
other,  but  also  in  the  same  position  relatively  to 
the  lenses  forming  the  image,  notwithstanding  the 
continual  consumption  of  the  carbon. 


II.  The  Electric  Lamp. 

The  ingenuity  of  scientific  and  practical  men  has 
succeeded  in  overcoming  most  of  these  difficulties 
by  the  construction  of  various  kinds  of  apparatus 
by  which  the  point  of  light  between  the  carbons 
may  be  kept  steadily  in  the  same  place  for  hours 
together,  provided  the  carbon  employed  be  quite 
pure,  and  the  strength  of  the  battery  tolerably 
uniform.  But  all  these  lamps,  among  which  those 
of  Foucault  and  Serrin  hold  the  first  place,  are  ex- 
tremely complicated,  and  require  constant  watching 
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while  in  use,  on  account  of  the  extreme  difficulty  in 
procuring  carbon  of  the  requisite  purity  and  hard- 
ness. 


Fig.  17. 


Foucault's  Electric.  Lamp. 


The  electric  lamp  constructed  by  Duboscq,  of 
Paris,  on  Foucault's  plan  (Fig.  17),  is  a  masterpiece 
of  mechanis  n,  and  is  in  every  way  suitable  for  the 
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combustion  of  metals  and  the  exhibition  of  spectra. 
Without  entering  into  all  its  mechanical  details,  it 
is  sufficient  here  to  remark  that  the  works  are  regu- 
lated by  the  magnetic  power  of  the  voltaic  current 
in  such  a  way  that,  in  proportion  as  the  carbon 
points  are  separated  by  the  waste  of  combustion, 
the  carriers  G  and  H  are  again  made  to  approach. 

The  wires  from  the  battery  are  connected  with  the 
lamp  by  the  binding  screws  j/>  2,  and  so  arranged 
that  the  current  must  pass  through  the  coil  of  the 
electro-magnet  E,  to  reach  the  carbon  holders  G, 
H.  It  is  easy  by  means  of  the  screw  V  so  to  regu- 
late the  armature,  A,  of  the  electro-magnet  with 
its  spring  r,  that  it  shall  remain  drawn  down  when 
the  carbon  points  are  at  the  proper  distance,  about 
one-tenth  of  an  inch  :  by  the  drawing  down  of  the 
armature,  the  rod  K  lays  hold  of  a  portion  of  the 
wheel-work,  and  holds  it  still.  When,  in  conse- 
quence of  the  combustion  of  the  carbon,  the  dis- 
tance between  the  points  increases,  the  strength  of 
the  voltaic  current  diminishes,  and  the  magnet  E, 
becoming  weaker  in  the  same  proportion,  lets  loose 
the  armature.  A,  before  the  points  have  become  so 
far  separated  as  to  break  the  current.  The  rod  K 
by  this  movement  is  pushed  aside,  and  sets  the 
clock-work  free,  which,  beginning  to  act,  pushes  the 
two  racks  G  and  /  (which  latter  is  movable  up  and 
down  the  tube  vi),  carrying  the  holders,  G  and  H, 
at  a  different  rate  of  motion  in  opposite  directions, 
so  that  the  rod  G,  connected  with  the  positive  pole,  is 
moved  nearly  twice  as  fast  upwards  as  the  rod  /  is 
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sent  downwards.  The  carbon  points  have  scarcely 
again  approached,  when  the  voltaic  current  and  the 
power  of  the  electro-magnet  are  raised  to  their 
original  strength,  the  armature  is  attracted,  and  the 
clock-work  stopped.  By  this  mechanism  the  carbon 
points  can  never  be  so  far  separated  as  to  cause  the 
extinction  of  the  light,  for  the  holders  are  moved  at 
a  rate  proportional  to  that  at  which  the  waste  of 
carbon  takes  place — the  lower  positive  carbon  being 
consumed  twice  as  quickly  as  the  upper  negative 
one — and  therefore  the  light  is  not  only  made  con- 
tinuous by  this  mechanism,  but  is  kept  immovably 
at  one  and  the  same  place.  By  means  of  the  screw 
D,  the  racks  G  and  /  can  be  moved  independently 
of  the  clock,  and  by  a  third  screw,  to  be  found  on 
the  opposite  side  of  the  instrument,  the  upper  rack, 
/,  can  be  also  moved  by  itself.  In  this  way  the 
experimenter  has  the  power,  before  applying  the 
electric  current  to  the  lamp,  to  place  the  arc  of 
light  in  that  position  in  the  apparatus  which  the 
lens  may  require.  The  second  function  of  the  clock 
is  to  separate,  without  the  interference  of  the  ex- 
perimenter, the  carbon  points,  which  must  be 
brought  into  close  contact  in  order  that  the  voltaic 
arc  may  be  formed  between  them,  and  the  carbon 
attain  its  highest  incandescence.  The  separation 
is  accomplished  by  the  racks  G  and  /,  which  before 
moved  forwards,  being  made  to  go  backwards  by 
means  of  two  connected  cog-wheels,  which  can 
work  them  in  either  direction,  a  contrivance  which 
helps  to  make  the  electric  lamp  one  of  the  most 
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complicated  but  at  the  same  time  one  of  the  most 
ingenious  and  complete  instruments  employed  in 
the  illustration  of  physical  science.* 

The  intensity  of  the  heat  and  light  from  the  vol- 
taic arc  depends  upon  certain  circumstances,  but 
principally  upon  the  amount  of  electricity  generated, 
and  therefore  on  the  number  and  nature  of  the  ele- 
ments employed,  and  on  the  purity  of  the  carbon 
points.  With  a  medium-sized  battery,  consisting- 
of  50  or  60  of  Bunsen's  or  Grove's  elements,  the 
light  varies  from  that  of  400  to  1,000  stearine 
candles,  according  to  the  purity  of  the  carbon  points, 
and  their  distance  from  one  another.  Fizeau  and 
Foucault  have  compared  the  chemical  power  of 
the  electric  light  with  that  of  the  sun,  by  means  of 
iodized  silver  plates,  and  found  that  the  electric 
light  from  a  Bunsen  battery  of  46  elements  could 
be  expressed  by  the  number  235,  supposing  sun- 
light at  noon  on  an  August  day  to  be  represented 
by  1,000. 

The  light  from  a  Bunsen  battery  of  100  elements 
produces  much  discomfort  to  the  eyes ;  according 
to  Despretz,  a  single  glance  even  with  the  naked 
eye  is  sufficient  when  600  elements  are  employed,  to 
occasion  considerable  injury  to  the  eye,  and  a  long- 
continued  headache.    Even  when  only  60  elements 

*  [Mr.  Ladd  constructs  a  form  of  electric  lamp  specially  adapted 
for  the  exhibition  of  spectra.  The  lantern  is  provided  with  two 
movable  openings,  by  one  of  which  the  image  of  the  voltaic  arc 
may  be  projected  on  the  screen,  and  by  the  other  the  spectrum 
of  the  light  sent  through  one  or  more  prisms  may  be  thrown  on 
the  same  screen.] 
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are  used,  it  is  desirable  to  avoid  looking  directly  at 
the  naked  light,  and  to  protect  the  eyes  with  deep 
blue  spectacles  during  the  experiments. 

We  are  now  in  possession  of  all  the  sources  of 
light  and  heat  requisite  for  a  complete  exhibition  of 
the  laws  and  phenomena  which  relate- to  the  spec- 
trum analysis  of  terrestrial  substances  and  the 
heavenly  bodies.  We  shall  employ  in  our  illus- 
trations, according  to  the  nature  of  the  subject, 
sometimes  the  Bunsen  burner,  sometimes  the  oxy- 
hydrogen  or  the  Drummond  light,  sometimes  the 
induction  coil  and  Geissler's  and  Pliicker's  tubes, 
and  also  frequently  the  electric  light.  The  phe- 
nomena of  spectrum  analysis  can  be  easily  shown 
with  simple  means  to  a  small  circle  of  spectators, 
where  every  one  can  approach  the  apparatus  and  the 
experimenter's  table  ;  but  their  exhibition  before  a 
large  audience  numbering  many  hundred  persons, 
requires  extraordinary  means  of  demonstration,  and 
the  use  of  the  strongest  light  and  the  most  powerful 
heat  that  can  be  produced  by  artificial  means. 


PART  SECOND. 


SPECTRUM  ANALYSIS  IN  ITS  APPLICATION 
TO  TERRESTRIAL  SUBSTANCES. 
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IN  ITS  APPLICATION  TO 

TERRESTRIAL  SUBSTANCES. 


12.  Light. 

ALTHOUGH  the  theory  of  light  is  now  so 
completely  understood  that  we  are  able  to 
explain  the  most  complicated  optical  phenomena, 
yet  an  elementar}^  repty  to  the  question,  What  is  the 
nature  of  light  ?  still  presents  some  difficulty.  We 
perceive  the  operation  of  this  power  of  nature  in  all 
directions  and  in  the  most  manifold  ways ;  the  sun, 
as  it  stands  in  full  splendour  in  the  heavens,  pours 
forth  but  a  single  tone  of  colour  over  the  earth,  and 
yet  the  individual  objects  in  the  landscape  appear 
in  the  most  varied  and  glorious  tints.  What  then 
are  these  colours?  How  are  they  developed  out  of 
the  white  light  which  the  sun  and  other  luminous 
bodies  emit  ? 

We  need  not  seek  to  avoid  answering  this  ques- 
tion if  we  can  succeed  in  giving  a  clear  insight  into 
the  phenomena  of  spectrum  analysis ;  for  we  have 
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already  intimated  that  the  world  of  colour  is  the 
peculiar  province  of  this  new  method  of  investi- 
gation. 

The  approaches  to  science  are  frequently  ob- 
structed by  strange  propositions,  discouraging  and 
apparently  contradictory,  which  seem  to  the  unini- 
tiated, like  those  ghosts  that  haunted  the  way  by 
which  Dante  and  his  heavenly  guide  descended  to 
the  realms  of  the  departed ;  with  a  little  courage, 
however,  we  may  easily  traverse  this  dreaded  path, 
seize  hold  of  the  harmless  apparitions,  and  make 
friends  first  with  one  and  then  with  another  as  we 
approach  them. 

We  wall  therefore  boldly  grasp  the  proposed 
inquiry:  if  the  answer  to  it  cannot  be  exhaustive, 
it  will  at  least  contain  material  enough  to  incite 
to  further  reflection,  and  perhaps  also  afford  the 
necessary  basis  for  a  more  easy  comprehension 
of  the  elaborate  theories  which  are  enunciated  in 
physical  treatises. 

According  to  the  theory  generally  received  at 
present,  the  whole  universe  is  an  immeasurable  sea 
of  highly  attenuated  matter,  imperceptible  to  the 
senses,  in  which  the  heavenly  bodies  move  with 
scarcely  any  impediment.  This  fluid,  which  is  called 
etJier,  fills  the  whole  of  space — fills  the  inters-als 
between  the  heavenly  bodies,  as  well  as  the  pores  * 

*  The  hypothesis  that  atmospheric  air  in  a  condition  of  extreme 
attenuation  is  to  be  placed  in  the  room  of  ether,  is  yet  too  vague 
and  too  little  supported  by  optical  phenomena  to  be  here  enter- 
tained. 
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or  interstices  between  the  atoms  of  a  substance. 
The  smallest  particles  of  this  subtle  matter  are  in 
constant  vibratory  motion  ;  when  this  motion  is 
communicated  to  the  retina  of  the  eye,  it  produces, 
if  the  impression  upon  the  nerves  be  sufficiently 
strong,  a  sensation  which  we  call  light. 

Every  substance,  therefore,  which  sets  the  ether 
in  powerful  vibration  is  luminous  ;  strong  vibrations 
are  perceived  as  intense  light,  and  weak  vibrations 
as  faint  light,  but  both  of  them  proceed  from  the 
luminous  object  at  the  extraordinary  speed  of 
186,000  miles  in  a  second,  and  they  necessarily 
diminish  in  strength  in  proportion  as  they  spread 
themselves  over  a  greater  space. 

Light  is  not  therefore  a  separate  substance,  but 
only  the  vibration  of  a  substance,  which,  according 
to  its  various  forms  of  motion,  generates  light,  heat, 
or  electricity. 

13.  Analogy  between  Light  and  Sound. 

This  representation  of  the  nature  of  light  ceases 
to  be  surprising  when  we  come  to  compare  the 
vibrations  of  ether  with  those  of  atmospheric  air, 
and  draw  a  parallel  between  light  and  sound — 
between  the  eye  and  the  ear. 

A  string  set  in  vibration  causes  a  compression 
and  rarefaction  of  the  surrounding  air  ;  in  front  of 
it  the  air  is  pushed  together  and  condensed ;  be- 
hind it  the  vacuum  it  creates  is  filled  up  by  the 
surrounding  air,  which  thus  becomes  rarefied  for 
the  moment.    This  periodic  movement  of  the  air  is 
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transmitted  to  our  ears  at  the  rate  of  about  i,ioo 
feet  in  a  second  ;  it  strikes  against  the  tympanum, 
and  occasions  by  its  further  impulse  on  the  auditory 
nerves  and  brain,  the  sensation  we  call  sound.  Air 
in  motion,  by  its  influence  on  the  organs  of  hearing 
is  the  cause  of  sound  ;  ether  in  motion,  by  its  influ- 
ence on  the  organs  of  sight  is  the  cause  of  light. 
Without  air,  or  some  other  medium  whereby  the 
vibration  of  bodies  can  be  propagated  to  our  ears, 
no  sound  is  possible.  As  a  sonorous  body  throws 
off  no  actual  substance  of  sound,  but  only  occasions 
a  vibration  of  the  air,  so  a  luminous  body  sends  out 
no  substance  of  light,  but  only  gives  an  impulse  to 
the  ether,  and  sets  it  in  vibration. 

A  musical  sound,  in  contradistinction  to  mere 
noise,  is  produced  only  when  the  impulses  of 
the  air  reach  the  ear  at  regular  intei-vals ;  if  the 
intervals  between  the  impulses  are  not  sufficiently 
regular,  the  ear  is  only  conscious  of  a  hissing,  a 
rushing,  or  a  humming  noise ;  a  musical  sound 
requires  perfect  regularity  in  the  succession  of 
impulses. 

The  pitch  of  a  musical  note  depends  on  the  num- 
ber of  impulses  in  a  given  time — as,  for  instance, 
in  a  second  ;  the  greater  the  number  of  vibrations 
in  a  second,  the  higher  will  be  the  note  produced. 
When  the  single  impulses  are  fewer  than  i6  or 
more  than  40,000  in  a  second,  the  ear  is  no  longer 
sensible  of  a  musical  sound  :  in  the  first  case  it 
either  perceives  only  an  undefined  deep  hum,  or  else 
it  distinguishes  the  individual  strokes  upon  the  tym- 
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panum  and  becomes  sensible  of  them  as  distinct 
blows ;  in  the  latter  case  there  is  an  impression  of  a 
sharp  but  equally  indefinite  shrill  or  hissing  noise. 
The  limits  of  susceptibility  of  the  ear  for  musical 
sounds  lie  between  16  and  40,000  impulses  per 
second.  The  number  of  vibrations  in  a  second 
given  by  a  normal  tuning-fork  w^as  determined  in 

Fig.  18. 


The  Syren. 


the  year  1859  to  be  435  in  a  temperature  of  15°  C. 
(59°  F.)* 

*  [The  number  of  vibrations  of  a  C  tuning-fork  is  512.  The 
deepest  tone  of  orchestral  instruments  is  the  E  of  the  double  bass 
Avith  41 J  vibrations.  Some  organs  go  as  low  as  C  with  33  vibra- 
tions, and  some  pianos  may  reach  A  with  27I  vibrations.  In 
height  the  pianoforte  reaches  to  a''^  with  3*5 20.  The  highest  note 
of  orchestra  is  probably  d^  of  the  piccolo  flute  with  4*752  vibra- 
tions.] 
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The  truth  of  the  foregoing  statements  may  be 
easily  proved  in  the  following  manner.  A  disk  of 
zinc,  A,  Fig.  i8,  is  fastened  to  an  axis  which  can 
be  set  in  rapid  rotation  by  means  of  a  cord  working 
over  a  large  wheel.  The  disk  is  perforated  with 
eight  series  of  holes  placed  along  eight  concentric 
circles,  of  which  only  four  are  given  in  the  drawing  : 
the  holes  are  of  the  same  size  in  each  circle,  and 
at  equal  distances  from  each  other,  so  that  their 
number  increases  in  each  ring  from  the  centre  to 
the  edge. 

When  the  disk,  by  means  of  the  large  wheel,  is 
set  in  uniform  motion  at  the  rate  of  one  revolution 
in  a  second,  and  one  circle  of  the  holes  is  blown 
upon  with  considerable  force  through  a  glass  or 
metal  tube,  B,  a  note  is  heard :  by  blowing  upon 
the  next  series  higher,  the  note  is  of  a  higher 
pitch;  a  lower  set  of  holes  gives,  on  the  contrary,  a 
deeper  note;  so  that  if  all  the  rings  were  blown 
upon  in  succession  from  the  lowest  upwards,  the 
distinct  notes  of  the  complete  octave  would  be 
heard. 

This  apparatus  has  received  the  name  of  the 
Syren;  her  "notes  are  not  indeed  ensnaring,  nor 
does  she  threaten  philosophers  with  the  dangers 
of  the  Homeric  heroes  by  the  seductive  charm  of 
her  voice;  "  on  the  contrar}^  she  sings  nothing  but 
truth,  if  only  a  willing  ear  be  lent  to  her  song. 

What  is  it  that  here  produces  the  sound  ?  The 
mere  revolution  of  the  disk  makes  no  noise ;  the 
motion  of  the  air  by  the  blowing  through  the  tube 
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first  elicits  the  notes.  When  by  the  rotation  of  the 
disk  the  current  of  air  strikes  against  an  opening, 
it  presses  through  it,  pushing  the  air  before  it  and 
condensing  it;  this  impulse  reaches  the  ear  at  once, 
and  strikes  upon  the  tympanum  :  the  current  of  air 
immediately  afterwards  comes  against  the  solid  part 
between  the  holes,  by  which  it  is  interrupted.  If 
the  circle  blown  upon  contain  twenty-four  openings, 
the  ear  would  receive  twenty-four  impulses  at  every 
revolution  of  the  disk ;  and  if  the  disk  made  twenty 
}  =^volutions  in  a  second,  the  ear  would  receive  20  x 
24  =  480  impulses  in  the  same  interval.  The  out- 
side circle  has  twice  as  many  openings  as  the 
innermost  one ;  it  therefore  furnishes  with  the  same 
speed  of  rotation  20  x  48  960  impulses  in  a 
second. 

The  ear  cannot  distinguish  the  individual  im- 
pulses when  they  exceed  sixteen  in  a  second ;  the 
impressions  they  then  produce  become  blended  to- 
gether, the  one  following  the  other  so  instantly  that 
the  sensation  in  the  ear  is  that  of  one  continuous 
impulse  or  sound. 

The  pitch  df  a  note  is  thus  seen  to  depend 
entirely  upon  the  number  of  successive  impulses 
following  each  other  at  the  same  uniform  rate,  its 
strength  upon  the  force  of  the  impulse.  With  a 
stronger  blast,  the  pitch  of  the  note  remains  un- 
changed, but  the  tone  becomes  more  piercing, 
while  if  a  ring  containing  a  greater  number  of  holes 
be  blown  upon,  the  pitch  rises  till  in  the  last  circle, 
with  double  the  number  of  openings,  the  octave  of 
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the  same  note  is  heard  that  was  given  by  the  inner- 
most circle. 

It  is  true  that  the  cause  of  sound  is  not  the  same 
m  all  musical  instruments;  sometimes  it  is  the 
vibration  of  strings,  or  elastic  prongs,  sometimes 
stretched  membranes,  or,  again,  columns  of  air 
confined  in  tubes  which  create  at  regular  periods 
a  condensation  and  rarefaction  of  the  air ;  but  in 


Fig.  19. 


Savart's  Toothed  meel. 


every  case  a  note  can  only  be  produced  by  similar 
impulses  recurring  at  regular  intervals,  conveyed 
by  the  air  to  the  organs  of  hearing. 

Savart  exhibited  the  cause  of  sound  in  another 
way  which  is  not  less  instructive  than  the  one  just 
described.  Instead  of  the  perforated  disk,  he  made 
use  of  a  wheel  provided  with  600  teeth,  which  could 
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be  set  in  very  rapid  rotation  in  the  same  manner  as 
the  disk,  and  as  the  wheel  revolved,  the  teeth  were 
allowed  to  press  against  the  edge  of  a  card.  To 
make  this  experiment  it  is  only  necessary  to  substi- 
tute a  toothed  wheel  for  the  perforated  disk,  as 
shown  in  the  apparatus  in  Fig.  19,  and  while  the 
wheel  is  in  rapid  revolution  to  hold  a  thin  card  or  a 
piece  of  pasteboard  against  its  toothed  edge.  The 
card  is  bent  a  little  by  each  tooth  as  it  goes  by, 
and  springs  back  to  its  first  position  as  soon  as  it 
is  released  by  the  passing  of  the  tooth :  the  motion 
of  the  card  is  communicated  to  the  surrounding 
air,  and  reaches  the  ear  in  consequence  of  the  re- 
gular revolution  of  the  wheel,  in  the  form  of  waves 
of  air,  or  of  condensations  and  rarefactions  of  the 
air  following  each  other  at  regular  intervals. 

When  the  wheel  is  turned  slowly,  there  is  heard 
only  a  succession  of  taps,  or  isolated  impulses  of 
the  card,  distinctly  separable  one  from  another, 
which  do  not  as  yet  unite  to  form  a  musical  sound. 
In  proportion,  however,  as  the  rapidity  of  the  rota- 
tion is  increased,  the  number  of  impulses  increases 
also,  and  they  unite  in  the  ear  to  produce  musical 
notes  rising  continually  in  pitch.  A  small  recording 
apparatus  fixed  to  the  axle  of  the  toothed  wheel 
gives  the  number  of  revolutions  in  a  second ;  if  this 
number  be  multiplied  by  600,  the  number  of  teeth 
on  the  wheel,  the  result  gives  the  number  of  con- 
densations of  air  striking  the  ear  in  a  second.  It  is 
easy  by  this  means  to  determine  the  number  of 
vibrations  the  ear  receives  in  a  second  from  a  note 
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of  any  given  pitch,  and  thus  to  verify  the  results 
obtained  by  the  perforated  disk. 

It  will  now  be  easier  to  understand  the  motion 
of  ether,  and  its  mode  of  operation  on  the  organs 
of  sight.  Ether  as  well  as  air  can  be  set  in  regular 
vibrations,  and  even  in  such  a  manner  that  the 
phases  of  condensation  and  rarefaction  are  repeated 
at  regular  periods  of  time.  The  difference  between 
the  vibrations  of  the  air  and  the  ether  is  occasioned 
by  the  remarkable  delicacy  and  elasticity  of  the 
latter,  which  not  only  permits  a  greater  rapidity  in 
the  propagation  of  motion  than  is  possible  with  the 
coarse  and  heavy  particles  of  air,  but  also  allows 
the  number  of  vibrations  per  second  to  be  im- 
mensely greater,  so  that  their  number  has  to  be 
reckoned  by  billions. 

14.  Analogy  between  Musical  Sounds  and 

Colours. 

Colours  are  to  the  eye  what  musical  tones  are  to 
the  ear.  A  certain  number  of  ether  impulses  in  a 
second  against  the  retina  of  the  eye  are  necessary 
to  produce  the  sensation  of  light :  if  the  number 
of  these  waves  pass  above  or  below  a  certain  limit, 
the  eye  is  no  longer  sensible  of  them  as  ^ighf. 

The  first  sensation  of  these  vibrations  on  the  part 
of  the  eye  commences  at  about  450  billion  impulses 
in  a  second,  and  the  eye  ceases  to  perceive  them 
when  they  have  reached  double  this  number,  or 
-about  800  billion:  in  the  first  case  the  impression 
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produced  is  that  of  dark  red,  in  the  latter  of  deep 
violet. 

The  greater  the  number  of  vibrations  in  any 
given  time,  the  more  rapidly  must  the  single  im- 
pulses succeed  each  other ;  it  may  be  concluded, 
therefore,  that  the  different  colours  are  only  pro- 
duced by  the  different  degrees  of  rapidity  with 
which  the  ether  vibrations  recur,  just  as  the  various 
notes  in  music  depend  upon  the  rapidity  of  the 
succession  of  vibrations  of  air.  The  vibrations 
which  recur  most  slowly, — amounting,  however, 
to  at  least  450  billion  in  a  second, — give  the  sen- 
sation of  red  ;  those  recurring  more  rapidly  pro- 
duce that  of  yellow ;  and  if  the  rapidity  with 
which  the  impulses  succeed  each  other  continue  to 
increase,  the  sensation  becomes  in  succession  green, 
blue,  and  violet,  with  which  last  colour  the  human 
eye  becomes  insensible  to  the  ether  motion,  which, 
however,  is  still  very  far  from  having  attained  its 
limit  of  rapidity. 

The  gradation  of  the  colours  from  red  through 
yellow,  green,  and  blue,  to  violet,  is  to  the  eye  what 
the  gamut  is  to  the  ear ;  and  it  is  therefore  not 
without  reason  that  we  speak  of  the  tone  and  har- 
mony of  colour.  To  the  physicist  the  words  colour 
and  tone  are  only  different  modes  of  expression  for 
similar  and  closely  allied  phenomena  ;  they  express 
the  perception  of  regular  movements  recurring  in 
equal  periods  of  time, — in  ether  producing  colours, 
in  air  musical  sounds ;  in  the  former  instance  by 
means  of  the  organs  of  sight,  in  the  latter  by  the 
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organs  of  hearing, — movements  of  extreme  rapidity 
in  ether,  of  more  moderate  speed  in  air. 

But  it  will  be  asked  what  becomes  of  those 
vibrations  which  are  above  and  below  the  limits  of 
the  eye's  sensibility  to  light  and  colour  ?  Do  they 
wander  about  purposeless  and  unnoticed  ?  By  no 
means  :  forces  are  proved  to  exist  in  the  rays  of  the 
sun,  and  other  intensely  luminous  bodies,  which  can- 
not be  perceived  by  the  eye.  Those  slower  vibra- 
tions which,  though  they  are  reckoned  by  billions 
in  a  second,  do  not  yet  amount  to  450  billion, 
are  made  apparent  to  us  in  the  sensation  of  heat, 
which  is  also  the  result  of  oscillatory  movement — 
radiant  heat  being,  like  light,  propagated  without 
the  aid  of  foreign  bodies.  Those  vibrations,  on  the 
other  hand,  which  have  a  velocity  greater  than 
that  by  which  deep  violet  is  produced — at  which 
colour  the  eye's  susceptibility  to  light  ceases^re- 
veal  themselves  by  their  powerful  chemical  action  ; 
they  succeed  each  other  too  rapidly  for  the  visual 
nerves  to  be  any  longer  conscious  of  the  impulses, 
but  they  have  the  power  of  working  chemical 
changes,  and  the  decomposition  of  various  sub- 
stances can  be  undoubtedly  traced  to  the  agency  of 
these  invisible  rays.  An  English  physicist  has 
succeeded  in  moderating  the  excessive  velocity 
of  these  vibrations  by  means  of  certain  substances, 
and  in  this  way  has  brought  some  of  the  invisible 
chemical  rays  within  reach  of  the  eye's  susceptibility.* 

*  [Fluorescent  substances  possess  this  property.  The  peculiar 
blue  light  dififused  from  a  perfectly  colourless  solution  of  sulphate 
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Dove  describes,  in  his  own  ingenious  manner,  the 
course  of  the  vibrations  as  they  produce  succes- 
sively sound,  heat,  and  light,  as  follows : 

"  In  the  middle  of  a  large  darkened  room  let 
us  suppose  a  rod,  set  in  vibration  and  connected 
with  a  contrivance  for  continually  augmenting  the 
speed  of  its  vibrations.  I  enter  the  room  at  the 
moment  when  the  rod  is  vibrating  four  times  in  a 
second.  Neither  eye  nor  ear  tell  me  of  the  presence 
of  the  rod,  only  the  hand,  which  feels  the  strokes 
when  brought  within  their  reach.  The  vibra- 
tions become  more  rapid,  till  when  they  reach 
the  number  of  thirty-two  in  a  second,*  a  deep 
hum  strikes  my  ear.  The  tone  rises  continually 
in  pitch,  and  passes  through  all  the  intervening 
grades  up  to  the  highest,  the  shrillest  note  ;  then 
all  sinks  again  into  the  former  grave-like  silence. 
While  full  of  astonishment  at  what  I  have  heard, 
I  feel  suddenly  (by  the  increased  velocity  of  the 

of  quinine  was  observed  by  Sir  John  Herschel,  and  the  coloured 
light  diffused  from  various  vegetable  solutions  and  essential  oils 
was  subsequently  examined  by  Sir  David  Brewster.  To  Professor 
Stokes,  however,  is  due  the  true  explanation  of  these  phenomena  ; 
he  showed  that  the  blue  light  of  the  solution  of  quinine  consists  of 
vibrations  brought  within  the  limits  of  the  power  of  the  eye  which 
were  originally  too  rapid  to  be  visible.  If  a  fresh  infusion  of  the 
bark  of  the  horse-chestnut  be  placed  beyond  the  limits  of  the  visible 
spectrum  of  sunlight  admitted  through  a  slit  into  a  dark  room,  it 
becomes  beautifully  luminous,  in  consequence  of  the  power  which 
it  possesses  to  lower  the  invisible  ultra-violet  vibrations  into  light 
which  can  affect  the  eye.] 

*  That  is  to  say,  the  tympanum  is  pressed  in  sixteen  times,  and 
sixteen  times  withdrawn  ;  therefore  sixteen  blows  are  received 
upon  the  ear. 
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vibrating  rod)  an  agreeable  warmth  as  from  a 
fire  diffusing  itself  from  the  spot  whence  the 
sound  had  proceeded.  Still  all  is  dark.  The 
vibrations  increase  in  rapidity,  and  a  faint  red 
light  begins  to  glimmer;  it  gradually  brightens 
till  the  rod  assumes  a  vivid  red  glow,  then  it  turns 
to  yellow,  and  changes  through  the  whole  range  of 
colours  up  to  violet,  when  all  again  is  swallowed  up 
in  night.  Thus  nature  speaks  to  the  different  senses 
in  succession  ;  at  first  a  gentle  word  audible  only 
in  immediate  proximity,  then  a  louder  call  from 
an  ever-increasing  distance,  till  finally  her  voice  is 
borne  on  the  wings  of  light  from  regions  of  im- 
measurable space." 

15.  Refraction  of  Light. 

Light  does  not,  like  sound,  require  a  ponderable 
material  for  its  propagation ;  it  comes  to  us  from 
the  remotest  regions  of  space,  and  it  penetrates  the 
vacuum  we  may  create  in  our  laboratories  with  the 
greatest  ease.  But  when  light  passes  through  a 
stratum  of  air,  through  water  or  glass,  a  portion  of 
the  ether  motion  appears  to  be  destroyed — absorbed, 
and  this  absorption  is  so  much  the  greater,  the 
further  the  distance  the  light  has  to  travel  through 
these  bodies.  Thus  objects  are  seen  with  perfect 
distinctness  through  a  thin  sheet  of  glass,  while 
through  a  thick  piece  they  are  less  clearly  visible, 
and  are  sometimes  almost  obliterated. 

So  long  as  light  passes  through  a  completely 
homogeneous  medium  possessing  the  same  density 
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throughout,  it  is  transmitted  in  a  straight  line ;  but 
it  is  quite  otherwise  when  it  passes  from  one  medium 
to  another  of  different  constitution.  When,  for 
example,  a  ray  of  light  coming  through  the  air 
strikes  upon  the  surface  of  water,  or  upon  a  sheet 
of  glass,  and  afterwards  passes  through  these  denser 
substances,  it  deviates  from  its  straight  course  the 
moment  it  touches  the  new  medium,  excepting  only 
when  it  falls  perpendicularly  to  the  surface  sepa- 
rating the  two  media. 

This  deviation  of  the  ray  of  light  from  its 
straight  course  is  called  refraction :  it  occurs  in 
all  cases  where  light  passes  obliquely  from  one 
medium  to  another  of  different  density  or  constitu- 
tion. If  a  straight  stick  be  held  half  in  air  and 
half  in  water,  the  portion  that  is  in  the  water  does 
not  seem  to  be  the  straight  continuation  of  the 
upper  part ;  the  rod  appears  as  if  it  were  bent  at  the 
surface  of  the  water. 

The  laws  of  refraction  can  be  deduced  with  strict 
consistency  and  with  mathematical  precision  from 
the  theory  of  light  which  has  been  already  enun- 
ciated ;  for  our  purpose,  however,  it  will  suffice  to 
consider  in  detail  only  the  most  important  of  them. 
If,  for  example,  the  ray  R  I,  Fig.  20,  pass  from  the 
air  into  water  at  I,  it  will  pursue  its  path  through 
the  water,  not  in  continuation  of  the  straight  line 
R  I,  therefore  not  in  the  direction  of  I  R%  but  in 
that  of  I  S,  which  is  nearer  than  I  R'  to  the  perpen- 
dicular I  Q  erected  on  the  surface  of  the  water  at 
the  point  I.    The  refracted  ray  I  S  remains  in  the 
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same  plane  R  I  Q  formed  by  the  incident  ray  R  I 
with  the  perpendicular  I  O,  and  in  this  plane  the 
angle  R  I  Q  formed  by  the  ray  R  I  with  the  per- 
pendicular Q  P  in  the  rarer  medium  (air)  is,  with 
very  few  exceptions,  greater  than  the  angle  SIP 
formed  by  the  ray  I  S  with  the  perpendicular  Q  P  in 
the  denser  medium  (water,  glass,  etc.)  On  passing 
from  a  rarer  into  a  denser  medium  the  ray  is  usually 
bent  towards  the  perpendicular  in  the  denser  medium; 


Fig.  20. 


Refraction. 


and,  conversely,  on  passing  out  again  from  the 
denser  into  the  rarer  medium,  it  is  bent  /jvm  the 
perpendicular. 

The  relative  proportions  of  the  two  angles  RIO 
and  SIP  may  be  ascertained  by  describing  a  circle 
with  any  radius  from  the  point  I,  and  letting  fall 
the  perpendiculars  T  U  and  S  P  from  the  points 
of  intersection  T  and  S  upon  the  line  Q  P.  These 
perpendiculars  are  called  the  sifies  of  the  angle 
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which  they  enclose ;  thus,  T  U  is  the  sine  of  the 
angle  of  incidence  T  I  U,  and  S  P  is  the  sine  of  the 
angle  of  refraction  SIP,  and  the  sines  are  subject 
to  the  following  universal  law  of  refraction :  For 
the  sa7ne  tivo  media  the  proportion  of  the  sines  of  the 
angles  of  incidence  and  refraction  is  a  constant  qiiatitity^ 
zvhatever  the  angle  of  incidence. 

This  proportion  (T  U :  S  P)  is,  for  example,  for 
air  and  water  as  4  to  3,  whence  it  follows  that 
at  whatever  angle  the  ray  R  I  in  the  air  may  strike 
the  surface  of  the  water,  the  refracted  ray  I  S  will 
be  so  deflected  that  T  U  shall  be  to  S  P  in  the  pro- 
portion of  4  to  3.  This  invariable  ratio  between  the 
sines  is  called  the  index  of  refraction  of  the  media. 
The  index  of  refraction  for  air  and  water  is  there- 
fore expressed  by  4  :  3,  or  more  accurately  by  1*34 ; 
for  air  and  glass  by  3  :  2,  or  i"53.  As  the  index  of 
refraction  varies  according  to  the  nature  of  the  me- 
dium, it  will  necessarily  have  a  very  unequal  value 
for  different  kinds  of  glass ;  it  is,  for  example,  for 
air  and  crown  glass  i'534,  while  for  air  and  dense 
flint  glass  it  is  1*645;  refracting  power,  there- 
fore, of  flint  glass  is  much  greater  than  that  of 
crown  glass  under  similar  conditions. 

If  a  ray  of  light,  as  S  T  in  Fig.  2 1 ,  be  transmitted 
from  the  air  through  a  medium,  M  M,  with  parallel 
sides, — for  example,  through  a  plate  of  glass, — then 
a  simple  construction  deduced  from  the  preceding  law 
will  show  that  the  incident  ray  S  I  will  be  diverted 
at  I  towards  the  perpendicular  I  N,  in  the  direction 
I  R ;  but  that  on  its  emergence  from  the  glass  at 
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R,  it  will  again  deviate  to  an  equal  amount  from  the 
perpendicular  R  N',  so  that  in  whatever  direction 
the  incident  ray  S  I  may  fall,  the  emergent  ray  R  F 
always  remains  parallel  to  it.  A  spectator  at  F,  on 
the  opposite  side  of  the  glass  plate  M  M,  would  re- 
ceive the  incident  ray  S  I  in  the  direction  R  F,  and 
would  see  the  luminous  point  S,  whence  the  ray 
S  I  emanated,  in  the  direction  R  S%  so  that  this 
point  would  appear  in  a  different  place,  S',  to  that 
which  it  really  occupies. 

Fig.  21. 
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Path  of  the  Rays  through  a  Medium  with  Pai-allel  Sides. 

By  the  same  principle  can  the  daily  phenomenon 
be  explained  that  in  looking  through  a  window, 
though  the  rays  pass  from  the  air  through  the  glass 
before  reaching  the  eye,  the  outside  objects  do  not 
appear  either  distorted  or  broken,  as  is  the  case  with 
the  stick  held  in  water.  Refraction  does,  in  fact, 
occur  in  all  those  places  where  the  line  of  sight  is 
not  perpendicular  to  the  pane  of  glass.   The  objects 
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are,  notwithstanding,  free  from  distortion,  because 
the  incident  and  emergent  rays  are  parallel,  though 
they  do  not  form  continuous  straight  lines  ;  conse- 
quently, as  the  displacement  of  the  rays  is  every 
where  the  same,  the  objects  appear  through  the 
window  in  the  same  relative  positions  as  when 
viewed  without  the  interposition  of  the  glass.  It 
may  be  easily  proved  that  the  images  of  all 
objects  seen  through  a  window  pane  are  really 


Fig.  22. 
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Refraction  through  Glass  of  Parallel  Surfaces. 


displaced,  and  appear  in  a  different  position  from 
the  one  they  actually  occupy,  by  comparing  one 
part  of  them  seen  through  air  alone  with  another 
part  seen  through  glass.  As  this  displacement  is 
but  small  through  thin  glass,  it  will  be  well,  in 
making  the  experiment,  to  choose  a  piece  of  thick 
glass,  and  always  to  look  at  the  objects  obliquely. 
If  a  piece  of  thick  glass.  Fig.  22,  be  laid  on  any 
drawing  so  as  only  to  cover  one  half,  in  order  that 
one  part   may  be  seen  through  air  and  another 
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through  glass,  the  displacement  of  the  portion  under 
the  glass  will  be  seen  clearly  when  the  drawing  is 
looked  at  obliquely. 

The  refraction  of  light  may  be  demonstrated  to  a 
large  audience  in  the  following  manner,  by  the  use 
of  the  oxyhydrogen  light  (Part  I.,  p.  2.8).  The  oxy- 
hydrogen  lamp  is  placed  in  the  same  lantern  which 
was  used  for  the  representation  of  the  electric  light 


Fin.  23. 


Refraction  exhibited  on  a  Screen. 


(Part  I.,  Fig.  15).  The  rays  emitted  by  the  incan- 
descent lime,  K,  are  rendered  parallel  by  the  lens 
L  (Fig.  23)  in  the  inside  of  the  lantern,  and  in  this 
forrh  they  pass  through  the  ring  R,  across  which  is 
fixed  a  brass  arrow.  By  means  of  another  lens,  L,, 
placed  at  the  same  height  as  the  arrow,  but  at  some 
distance  from  it,  an  enlarged  inverted  image,  PP, 
of  the  arrow  is  obtained  upon  the  screen,  and  the 
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image  may  be  made  perfectly  distinct  by  adjusting 
the  lens. 

A  rectangular  parallelepiped  bar  of  glass,  a  a,  is 
then  held  against  the  arrow,  so  that  the  parallel 
rays  of  light  passing  through  the  ring  are  per- 
pendicular to  the  sides  of  the  glass.  No  change  is 
perceived  in  the  image  of  the  arrow  itself ;  only 
the  part  where  the  glass  bar  depicts  itself  is  some- 
what less  illuminated  than  the  rest  of  the  screen, 
which  is  caused  by  the  absorption  of  a  portion  of 
the  light  in  passing  through  the  thick  glass.  It 
may  be  concluded,  therefore,  that  those  rays  of  light 
which  passed  through  the  glass,  perpendicularly  to 
its  sides,  have  not  been  diverted  from  their  straight 
course. 

If,  however,  the  glass  bar  be  held  obliquely 
against  the  arrow,  the  rays  of  light  proceed  no 
longer  in  a  straight  course  between  it  and  the 
lens  L,,  but  are  turned  on  one  side,  as  may  be 
seen  in  the  corresponding  piece  of  the  image  of 
the  arrow  which  appears  displaced  sideways  from 
the  shaft. 

The  same  phenomenon  is  seen  if  instead  of  an 
opaque  arrow,  a  disk,  in  which  there  is  a  narrow 
vertical  slit,  be  inserted  in  front  of  the  lantern. 
A  B  in  Fig.  24  represents  the  enlarged  image  of 
the  slit  upon  the  screen,  a  bright  sharp  line.  If 
the  glass  bar  g  be  held  flat  against  the  disk,  so 
that  the  rays  of  light  passing  through  the  slit  are 
perpendicular  to  the  surfaces  of  the  glass,  there 
appears  only  a  slight  dimness  in  the  corresponding 
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Spot  C  of  the  image,  in  consequence  of  the  partial 
absorption  of  the  light  by  the  glass.  If,  however, 
the  glass  be  inclined  against  the  slit,  the  correspond- 
ing portion  of  the  image  is  displaced  to  the  right 
or  left,  according  to  the  inclination  of  the  glass 
bar,  and  the  image  of  the  slit  appears  broken.  If 
the  experiment  were  repeated  with  a  cube  of  glass 
twice  the  thickness  in  place  of  the  half-inch  glass 

Fig.  24. 


Projection  of  the  Slit,  and  Displacement  of  the  Rays  by  Refraction. 

bar,  the  absorption  and  displacement  of  the  light 
would  be  much  more  strikingly  exhibited. 


16.  Refraction  of  Monochromatic  Light  by  a 

Prism. 

Let  us  now  consider  what  occurs  when  wuth  two 
media  of  unequal  density,  such  as  air  and  glass, 
the  outside  surfaces  of  one  of  them,  instead  of 
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being  parallel,  form  an  angle  with  each  other,  as, 
for  instance,  in  a  three-sided  glass  prism,  Fig.  25. 
For  the  convenient  handling  of  such  a  prism,  so 
that  it  may  be  turned  about  without  the  glass  sur- 
faces being  touched,  it  is  usually  mounted  on  a  brass 
stand,  as  shown  in  Fig.  26,  when  the  edges  where 
the  surfaces  unite  can  be  placed  at  will  in  a 
horizontal  or  vertical  direction. 

In  order  to  follow  the  path  of  a  ray  of  light 


Fig.  25. 


The  Prisin. 


through  a  prism,  let  ABC,  Fig.  27,  represent  the 
section  of  a  prism  standing  on  its  base,  and  let  the 
ray  D  e  fall  in  the  plane  of  the  section  upon  the  sur- 
face A  B.  The  ray  on  entering  the  glass  is  bent 
towards  the  perpendicular  fe  in  the  direction  eJi. 
After  passing  through  the  prism  in  a  straight  course, 
it  is  again  bent  at  h  on  emerging  into  the  air,  and  is 
permanently  deflected  from  the  perpendicular  ^ /it  in 


76 


SPECTRUM  ANALYSIS. 


the  direction  h  E.  The  ray  D  e  therefore  takes  the 
direction  T)  e  h¥.  when  a  prism  is  interposed  in  its 
path,  while  were  the  prism  removed  it  would  pursue 
its  original  course  along  the  straight  line  D  Di, 

It  will  thus  be  seen  that  the  incident  ray  D  <?  is 
deflected  by  the  prism  neither  in  a  straight  line  nor 
in  a  parallel  direction  :  theory  and  experience  have 


Fig.  26. 


Prism  mounted  on  Stand. 


both  established  that  in  every  case  the  incident  ray 
is  diverted  from  its  original  straight  course  in  such 
a  manner  that  the  emergent  ray  is  bent  towards 
that  surface  of  the  prism  (the  base)  through  which 
it  does  not  pass.  The  edge  A  opposite  the  base 
CB  is  called  the  refracting  edge ;  the  solid  angle 
BAG  formed  at  that  point  the  refracting  angle;  and 
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the  angle  formed  by  the  emergent  ray  {h  E)  with 
the  course  D  of  the  incident  ray  is  called  the 
angle  of  deviaiion,  or  angle  of  refraction. 

Fig.  28  will  illustrate  this  more  clearly :  the 
incident  ray  S  I  passes  through  the  prism  after  its 
first  refraction  at  I  in  the  direction  I  E  ;  it  becomes 
refracted  a  second  time  as  it  emerges  at  E,  and 
then  proceeds  in  the  direction  E  R.  In  all  the 
three  figures  the  dotted  lines  I  N  and  E  are 
drawn  perpendicular  to  the  surfaces  of  the  glass  ; 


Fig.  27. 


Path  of  a  Ray  of  Light  through  a  Prism. 


the  ray  is  deflected  in  the  denser  medium  of  the 
glass  towards  this  perpendicular,  while  it  is  bent 
away  from  it  in  the  rarer  medium  of  air,  so  that 
the  angle  it  makes  with  the  perpendicular  .is  always 
greater  in  the  air  than  in  the  glass.  In  the  second 
figure  the  incident  ray  S  I  passes  unrefracted 
through  the  prism  in  the  direction  I  E,  because 
S  I  is  perpendicular  to  the  surface  of  the  prism. 
In  the  third  figure  the  incident  ray  S  I  and  the 
emergent  ray  E  R  form  the  same  angle  with  the 
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surfaces  of  the  prism,  in  which  position  there  occurs 
the  smallest  divergence  of  the  emergent  ray  E  R 
from  the  direction  of  the  incident  ray  I  S,  and 


Fig.  28. 


Retraction  of  a  Ray  of  Light  by  a  Prism. 


this  is  therefore  called  the  position  of  Mininiuni 
of  deviation. 

A  luminous  point  is  seen,  as  is  well  known,  in 
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the  direction  in  which  the  rays  proceeding  from  it 
reach  the  eye.  If,  therefore,  the  rays  from  a  candle 
(Fig.  29)  are  made  to  pass  through  a  prism  before 
reaching  the  eye,  and  the  prism  so  placed  that  the 


Fig.  29. 


Viewing  Objects  through  a  Prism. 


rays  are  bent  down  towards  the  base,  the  eye  sees 
the  flame  in  the  direction  of  the  emergent  rays — 
that  is,  in  a  higher  position  than  it  really  occupies. 
If,  on  the  contrary,  the  prism  be  turned  round  so 
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that  the  base  is  uppermost,  the  rays  of  light  will  be 
bent  upwards,  and  the  eye  on  receiving  them  will 
see  the  flame  in  a  lower  position. 

17.  Refraction  of  the  different  Colours  by 

A  Prism. 

We  have  hitherto  paid  no  attention  to  the  nature 
of  a  ray  of  light,  and  have  therefore  only  made 


Fig.  30. 
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Divergence  of  the  different  coloured  Rays  in  passing  through  a  Prism. 

acquaintance  with  those  phenomena  of  refraction 
which  are  common  to  rays  of  every  description. 
Let  us  now  consider  the  behaviour  of  the  different 
coloured  rays  in  their  passage  through  a  prism. 

For  this  purpose  let  a  diaphragm  in  which  is  a 
circular  hole  of  about  one-eighth  of  an  inch  in 
diameter  be  placed  immediately  in  front  of  the 
lantern  A,  Fig.  30,  and  the  aperture  covered  with 
a  thin  piece  of  glass       coloured  red  with  oxide  of 
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copper.    By  interposing  the  lens  L,  a  small  red 
circle  A^,  the  image  of  the  aperture  A,  will  be  seen 
immediately  opposite  on  the  screen  S  S.    If  the 
glass  prism  n  po  he  inserted  in  the  path  of  the  ray 
between  L  and  A^,  in  the  place  indicated  in  the  figure, 
the  red  circle  on  the  screen  will  move  from  A^  to  R. 
The  light  from  A  which  fell  upon  the  prism  in  the 
direction  A  B  is  thus  considerably  diverted  from  its 
straight  course  A  A^,  so  that  the  emergent  ray  C  R 
has  moved  further  away  from  the  edge  n,  where 
the  two  refracting  glass  surfaces  unite,  and  has 
approached  the  opposite  surface  /  o,  the  base  of  the 
prism. 

If  green  light  be  examined  by  the  interposition 
of  a  green  glass,  the  ray  emerging  near  C  no  longer 
falls  upon  the  screen  at  R,  but  at  the  point  G, 
which  lies  still  nearer  the  base  of  the  prism  p  o, 
from  which  it  may  be  concluded  that  green  light 
diverges  more  than  red  does  from  the  original 
direction.    If,  finally,  a  violet  glass  be  placed  before 
the  aperture,  the  violet  ray  is  yet  more  refracted  by 
its  passage  through  the  prism  than  the  green  was, 
for  it  strikes  the  screen  at  V.    This  experiment 
may  be  repeated  with  orange,  yellow,  blue,  and 
other  coloured  glass ;  and  it  will  be  found  that 
the  place  of  the  image  on  the  screen  changes 
with  every  colour,  that  the  red  light  is  the  least, 
and  the  violet  the  most  refracted,  and  that  the 
refrangibility  of  the  dififerent  colours  continues  to 
increase  from  red  through  orange,  yellow,  green, 
and  blue  to  violet. 
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We  are  now  able  to  tell  beforehand  what  will 
happen  if  a  ray  of  li^jht  composed  of  several 
colours  be  allowed  to  pass  through  a  prism.  The 
individual  colours  will  be  separated  by  the  first  re- 
fraction on  entering  the  prism,  and  they  will  be  much 
more  widely  dispersed  as  they  leave  it  ;  the  incident 
ray  will  be  decomposed  into  as  many  colours  as  it 
consists  of,  and  each  colour  will  follow  its  own 
particular  path  from  the  first  entrance  of  the  light 
into  the  prism.  All  the  coloured  rays  can  be  dis- 
tinguished one  from  another  upon  the  screen,  as 
they  group  themselves  according  to  the  order 
already  given. 

These  simple  experiments  show  that  rays  of  light 
of  different  colours  possess  different  degrees  of  re- 
frangibility ;  red  light  is  not  so  much  diverted  from  its 
straight  course  by  refraction  as  violet  is:  the  former, 
therefore,  is  less  refrangible  than  the  latter.  This 
different  behaviour  of  red  and  violet  light  is,  as  is 
clearly  shown  by  the  undulatory  theory,  a  necessary 
consequence  of  the  unequal  rapidity  of  the  ether 
vibrations,  which  we  have  already  recognized  as  the 
cause  of  the  different  colours.  In  red  light  the 
number  of  vibrations  striking  the  eye  in  a  second 
is  about  450  billion,  in  violet  800  billion ;  as 
deep  and  shrill  musical  sounds  are  propagated 
in  the  same  medium  with  the  same  rapidity,  so 
the  different  colours  travel  with  the  same  ve- 
locity. If  the  latter  be  taken  at  42,000  German 
geographical  miles,  or  316,365,000,000  milli- 
metres in  a  second,  the  length  of  each  wave — 
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that  is  to  say,  the  distance  between  two  suc- 
ceeding condensations  of  ether — of  red  light  will  be 
0'000703  of  a  millimetre,  and  of  violet  light  0*000395 
of  a  millimetre.*  If,  therefore,  different  coloured  rays 
pass  from  one  medium  to  another — as,  for  instance, 
from  air  to  glass, — the  rays  of  shortest  wave-length, 
namely  the  violet,  are  more  easily  influenced  by  the 
increased  resistance  which  the  glass  offers  to  the 
passage  of  the  light,  and  are  consequently  more 
refracted  than  those  of  greater  wave-length,  namely, 
the  blue,  the  green,  the  yellow,  and  the  red  rays. 

As  each  colour  has  a  length  of  wave  peculiar  to 
itself,  so  also  has  it  a  particular  degree  of  refrangi- 
bility ;  and  therefore  a  beam  of  light  which  is  com- 
posed of  several  coloured  rays  must  be  decomposed 
by  refraction  into  its  individual  colours,  since  each 
single  ray  is  deflected  or  refracted  in  a  different 

[Professor  Tyndall  in  his  "  Notes  on  Light"  gives  the  follow- 
ing numbers  : — 

"The  length  of  a  wave  of  mean  red  light  is  about  i-39oooth 
of  an  inch;  that  of  a  wave  of  mean  violet  light  is  about  i-575ooth 
of  an  inch.  The  velocity  of  light  being  taken  at  192,000  miles  in 
a  second,  if  we  multiply  this  number  by  39,000  we  obtain  the 
number  of  waves  of  red  light  in  192,000  miles;  the  product  is 
474,439,600,000,000.  All  these  waves  enter  the  eye  in  a  second. 
In  the  same  interval  699,000,000,000,000  waves  of  violet  light 
enter  the  eye." 

It  must  be  remembered  that  the  new  determination  of  the  value 
of  the  solar  parallax  by  the  observations  of  Mars,  which  agrees 
closely  with  the  results  of  a  rediression  of  the  observations  of 
the  transit  of  Venus  by  Mr.  Stone  and  Professor  Newcomb, 
requires  that  the  usually  received  velocity  of  light  should  be 
reduced  by  about  one-twenty-seventh  part,  and  may  be  taken 
at  185,000  miles  per  second.  This  velocity  agrees  nearly  with 
the  result  obtained  by  Foucault  from  direct  experiment.] 
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degree.  The  mingled  rays  of  light  travelling  along 
one  common  road,  which  appeared  to  the  eye  before 
refraction  as  a  light  of  one  colour,  are  separated  by 
its  agency  according  to  their  several  degrees  of  re- 
frangibility,  and  afterwards  proceeding  in  distinct 
paths  they  are  distinguished  by  the  eye  as  separate 
colours. 

When  a  monochromatic  ray — red,  for  instance — 
passes  through  a  prism,  the  amount  of  its  dispersion 
does  not  depend  merely  on  the  rapidity  of  the  ether 
vibrations,  or  length  of  wave,  but  is  also  consider- 
ably influenced  by  the  nature  of  the  substance  of 
which  the  prism  is  composed,  and  the  angle  formed 
by  the  two  surfaces  through  which  the  light  passes. 
There  is,  under  similar  circumstances,  a  greater 
amount  of  refraction  in  a  prism  of  bisulphide  of 
carbon  than  in  one  of  glass,  and  the,  refractive 
power  varies,  as  we  have  seen,  with  the  kind  of 
glass  of  which  the  prism  is  formed.  For  the  pur- 
poses of  spectrum  analysis,  prisms  of  dense  flint 
glass  with  an  angle  of  from  45°  to  60°  are  generally 
employed  ;  but  if  the  highly  refractive  properties  of 
the  substance,  bisulphide  of  carbon,  be  required,  it 
will  be  necessary  to  make  use  of  a  hollow  prism  (Fig. 
31),  formed  of  plane  pieces  of  plate  glass  cemented 
together,  in  which  the  liquid  may  be  held. 

The  question  now  presents  itself  as  to  how  colour- 
less, that  is  to  say  white  light,  is  affected  by  its 
passage  through  a  prism.  It  is  well  known  that  the 
light  coming  to  us  from  the  sun  at  noon  in  a  clear 
sky  is  called  pure  white  light.    This  light,  however, 
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is  not  always  at  our  disposal,  least  of  all  in  a  pub- 
lic lecture-room  ;  we  will  therefore,  before  entering 
upon  any  experiments  with  artificial  light,  briefly 
review  the  results  obtained  by  the  prismatic  analysis 
of  the  light  of  the  sun. 

18.  The  Solar  Spectrum. 

If  a  ray  of  sunshine  be  allowed  to  pass  through 
a  small  round  hole  in  the  window  shutter  of  a  dark- 
ened room,  as  is  shown  in  Fig.  32,  there  will  appear 
a  round  white  spot  of  light,  exactly  in  the  direction 


Fig.  31. 


Prism  of  Bisulphide  of  Carbon. 

of  the  ray,  upon  a  screen  placed  opposite  the  open- 
ing, as  will  be  seen  indicated  by  the  dotted  lines 
in  the  figure.  A  very  different  appearance  will  be 
presented  if  the  ray  of  light  be  made  to  fall  upon  a 
prism.  The  ray  is  at  once  deflected  from  its  straight 
course  upwards,  that  is  to  say,  towards  the  base  of 
the  prism,  and  away  from  the  sharp  edge  of  the 
refracting  surfaces,  which,  as  represented  in  the 
drawing,  are  turned  downwards :  on  its  emergence 
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from  the  prism  it  no  longer  remains  one  single  ray, 
as  it  entered  the  window  shutter,  but  is  separated 
into  very  many  single-coloured  rays,  which  as  they 
continue  to  diverge,  form  upon  the  screen  an  elon- 
gated band  of  brilliant  colours,  instead  of  the  former 
round  white  image  of  the  sun.    In  this  brilHant 


Fig.  32. 


Exhibition  of  the  Solar  Spectnim. 


band  the  individual  colours  blend  gradually  one  into 
the  other,  beginning  at  that  end  lying  nearest  the 
direction  of  the  incident  ray  (the  lowest  end  in  the 
figure),  with  the  least  refrangible  colour,  a  dark  and 
very  beautiful  red  ;  this  passes  imperceptibly  into 
orange,  and  orange  again  into  bright  yellow;  a 
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pure  green  succeeds,  which  is  shaded  off  into  a 
brilliant  blue,  and  this  gives  place  to  a  rich  deep 
indigo  ;  a  delicate  purple  leads  finally  to  a  soft 
violet,  by  which  the  range  of  the  visible  rays  is 
terminated.  A  faint  picture  of  this  magnificent 
solar  image  is  given  in  No.  i  of  the  Frontis- 
piece ;  this  is  called  the  Spectrum*  In  the  above- 
mentioned  colours  of  the  solar  spectrum  the  eye 
discerns  numberless  gradations,  which  pass  imper- 
ceptibly from  one  to  another ;  and  since  language 
does  not  suffice  to  give  separate  names  to  each  of 
these,  we  must  content  ourselves  with  designating 
only  the  seven  principal  groups,  which  are  known 
as  the  colours  of  the  spectrum. 

This  experiment  furnishes  conclusive  evidence 
that  white  light  is  not  simple  and  indivisible,  but 
composed  of  innumerable  coloured  rays,  each  of 
which  possesses  its  own  peculiar  degree  of  refrangi- 
bility,  and  therefore,  on  refraction,  pursues  a  sepa- 
rate path.  The  prism  analyses  white  light ;  the 
result  is  the  separation  of  all  the  coloured  rays  of 
which  it  is  composed,  and  the  consequent  formation 
of  the  coloured  image  called  the  Spectrum. 

The  decomposition  of  sunlight  by  refraction  is 
shown  in  various  phenomena  known  to  the  ancients 
as  well  as  ourselves,  though  they  were  not  able,  as 
we  are,  to  trace  them  back  to  their  true  cause.  The 
rainbow,  with  its  pure  but  delicate  colours,  the 
sparkle  of  the  cut  jewel  in  its  brilliant  flashes, 

*  Of  the  dark  lines  represented  in  this  plate  we  shall  not  have 
occasion  to  speak  till  we  reach  Part  III. 
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the  play  of  colour  emitted  by  cut  glass,  and  the 
prismatic  facets  of  crystal  lustres  as  the  sun  shines 
upon  them,  the  glow  of  the  clouds  and  high  moun- 
tain peaks  in  the  various  coloured  light  of  the  rising 
and  setting  sun, — all  these  effects  are  occasioned 
by  the  decomposition  of  white  light  by  its  refraction 
on  passing  through  glass  in  a  prismatic  form, 
through  drops  of  liquid,  or  through  vapour. 

The  colours  of  the  solar  spectrum  possess  a 
purity  and  brilliancy  to  be  met  with  nowhere  else ; 
they  are  all  perfectly  indivisible,  and  cannot  be 
further  decomposed,  as  may  be  easily  proved  on 
attempting  to  analyse  a  coloured  ray  by  means  of  a 
second  prism.  If  a  small  round  hole  be  made  in 
the  screen  in  any  portion  of  the  image  of  the 
spectrum,  the  extreme  red,  for  instance  (Fig.  28), 
a  red  ray  passes  through  it,  and  appears  upon 
the  opposite  wall  as  a  round  spot  of  red  light, 
precisely  in  the  same  direction  as  the  red  ra3'S  left 
the  prism  on  the  other  side  of  the  screen.  If  a 
second  prism  be  interposed  in  the  path  of  the  ray 
that  has  passed  through  the  screen,  the  ray  will  suffer 
a  second  refraction,  and  the  image  be  thrown  upon 
another  place  (higher  up  in  the  figure)  on  the  wall ; 
this  new  image,  however,  is  simply  red,  like  the 
incident  ray,  and  by  a  careful  adjustment  of  the 
prism  shows  no  elongation,  but  appears  perfectly 
round.  Fig.  33  shows  this  phenomenon  with  the 
central  colour  of  the  spectrum.  The  ray  falling 
on  the  prism  j  is  decomposed  into  a  coloured 
spectrum  at  A  B,  and   a   small  pencil  of  these 
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coloured  rays  will  not  be  further  decomposed  by 
the  second  prism  /,  but  only  diverted.  The  same 
thing  occurs  with  all  the  colours  of  the  spectrum 
without  a  single  exception,  which  proves  that  the 
colours  separated  by  the  prism  are  not  capable 
of  further  decomposition,  and  are  therefore  in- 
divisible and  homogeneous. 

The  decomposition  of  white  light  into  its  coloured 
rays  is  called  dispersion  ;  the  dispersion  of  light  is 
therefore  to  be 'clearly  distinguished  ir ova  refraction. 
The  latter,  as  we  have  seen,  varies  in  amount  with 


Fig.  33. 


Indivisibility  of  the  Pure  Colours  of  the  Spectnim. 

every  kind  of  colour ;  it  is  greatest  in  the  violet, 
and  smallest  in  the  red  rays.  The  amount  of  dis- 
persion, to  which  we  shall  again  refer  in  a  closer 
analysis  of  the  solar  light,  is  determined  by  the 
length  of  the  spectrum,  or,  in  other  words,  the  dis- 
tance between  the  extreme  red  and  violet  rays.  As 
the  nature  of  the  refractive  substance  of  a  prism 
— for  example,  the  kind  of  glass  of  which  it  is 
made — and  its  refracting  angle  each  exert  an  in- 
fluence upon  the  amount  of  refraction,  in  a  similar 
manner  do  the  same  conditions  also  affect  the 
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amount  of  dispersion,  or  the  length  of  the  spec- 
trum ;  it  may,  however,  be  remarked  here  that 
refraction  and  dispersion  are  not  increased  or 
diminished  in  equal  proportions. 

The  different  colours  are  not  present  in  the  solar 
spectrum  in  the  same  proportions,  and  consequently 
they  assume  very  unequal  lengths  in  the  spectrum. 
If  the  whole  length  of  the  solar  spectrum  be  divided 
into  lOO  equal  parts,  the  proportions  of  the  colours 
will  be  as  follows:  red  12,  orange  7,  3'ellow  13, 
green  17,  blue  17,  indigo  11,  and  violet  23. 

The  unequal  brilliancy  of  the  different  colours  of 
the  spectrum  is  apparent  even  to  a  superficial  ob- 
server, and  Fraunhofer  found  by  careful  measure- 
ments that  if  the  greatest  intensity  of  light  which 
lies  between  yellow  and  green  were  expressed  by 
1000,  the  light  of  orange  would  amount  to  640, 
the  middle  red  to  94,  the  outer  red  to  only  32,  the 
green  to  480,  blue  to  170,  between  blue  and  violet 
to  3 1 ,  and  violet  only  to  6. 

19.  The  Spectra  of  the  Lime-light  and  the 

Electric  Light. 

In  the  absence  of  sunlight,  Drummond's  lime- 
light (Part  I.,  p.  28)  may  be  analysed  by  a  prism  in 
the  following  manner.  Let  the  lantern  L  (Fig.  34), 
which  has  been  already  described,  be  placed  on  a 
table  T  T,  5  feet  long  and  i'6  inches  wide,  turning 
on  a  pedestal  F,  and  the  lime-light  lamp  introduced, 
in  front  of  which  is  inserted  a  diaphragm  d,  provided 
with  a  contrivance  for  allowing  the  light  to  pass  out 
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of  the  lantern  through  a  narrow  slit.  Opposite  the 
lantern,  at  a  distance  of  12  or  15  feet,  place  two 
paper  screens  S  S^,  8  feet  square,  inclined  to  each 
other  at  a  wide  angle ;  let  the  lime  cylinders 
then  be  raised  to  incandescence  by  means  of 
the  oxyhydrogen  gas,  the  room  be  completely 
darkened,  and  the  table  T  T  so  turned  that  the 
tube  d  of  the  lantern  be  perpendicular  to  one  of 
the  screens  (S).  Then  let  a  double  convex  lens  /, 
of  4  inches  diameter,  and  about  12  inches  focus,  be 
placed  between  the  slit  d  and  the  screen  S,  at 
a  distance  of  about  12  inches  from  the  slit,  so 
as  to  throw  the  rays  issuing  from  the  slit  upon  the 
screen  S  in  the  form  of  a  sharp  and  magnified 
image,  d\  of  the  slit  d.  Close  behind  this  lens 
/,  a  flint-glass  prism  P  of  60°,  2h  inches  high  and 

2  inches  broad,  must  be  placed  in  the  direct  path 
of  the  rays,*  when  there  will  instantly  appear  on 
the  second  screen  S,  a  magnificent  spectrum,  about 

3  feet  long  and  1 6  inches  wide,  exhibiting  the  whole 
range  of  colours  as  shown  in  No.  i.  Frontispiece. 
Owing  to  the  distance  of  the  screen,  the  spectrum 
is  displaced  very  considerably  from  the  spot  d\ 
where  the  rays  fell  when  unbroken  by  the  prism ; 
the  red  lies  nearest  to  that  straight  line,  the  violet 
is  the  furthest  removed  from  it;  the  former  is 
therefore  the  least  refracted,  and  the  latter  the  most 
so.    The   individual  colours  succeed  each  other 

*  This  position  of  the  prism  is  the  most  advantageous,  because 
the  loss  of  light  is  least ;  the  spectrum  would  be  nearly  as  good 
if  the  prism  were  moved  11  or  12  inches  from  the  lens. 
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without  the  slightest  interruption  ;  their  limits  are 
not  sharply  defined,  they  rather  blend  gradually  one 
into  the  other,  and  thus  form  an  unbroken,  or  con- 
tinuous spectrum. 

As  the  lantern  L  may  obstruct  the  view  of  the 
screen  S,  to  some  of  the  spectators,  the  top  of  the 
table  T  T  can  be  turned  upon  its  pedestal  F,  so  as 
to  throw  the  spectrum  upon  the  screen  S.  Instead 
of  turning  the  table,  the  coloured  rays  as  they  leave 
the  prism  /  might  be  received  upon  a  flat  mirror, 
and  thrown  by  reflection  on  to  the  second  screen ; 
but  the  spectrum  would  lose  in  intensity  by  this 
reflection,  inasmuch  as  a  reflected  image  is  always 
fainter  than  the  object.  The  table  might  even  be 
turned  further  round  still,  and  the  prism  be  directed 
towards  the  spectators,  when  the  rays  could  be 
thrown  by  means  of  the  mirror  to  any  part  of  the 
room. 

In  order  to  obtain  a  pure  spectrum,  the  width  of 
the  slit  must  not  exceed  one-sixteenth  of  an  inch  ; 
were  it  widened,  the  spectrum  would  greatly  in- 
crease in  splendour  and  brilliancy,  but  it  would  be 
perceived  on  a  careful  examination  that  the  colours 
in  the  middle  were  neither  so  pure  nor  so  clearly 
separated  one  from  another  as  before,  and  that  in 
the  centre  the  light  had  become  almost  white. 

Instead  of  the  spectrum  being  received  upon  the 
side  of  the  paper  screen  fronting  the  audience,  and 
reflected  thence  so  as  to  be  visible  to  the  spectators, 
a  transparent  screen  may  be  advantageously  used, 
behind  which  is  placed  the  lamp.   By  this  means  the 
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screen  is  visible  without  interruption  from  the  lantern 
or  experimenter,  and  every  arrangement  much  sim- 
plified. A  very  suitable  material  for  such  a  screen 
is  thin  tracing-paper,  which  may  be  had  about  two 
yards  wide  of  any  length,  or  fine  white  muslin  sewn 
together  in  breadths,  and  made  transparent  by 
damping  before  each  experiment.  By  fastening  the 
screen  to  a  roller,  it  may  be  easily  moved  out  of  the 
way  when  the  attention  of  the  audience  is  to  be 
directed  to  the  lantern  or  prism. 

The  spectrum  of  the  electric  light  may  be  thrown 
upon  the  screen  in  the  same  manner  as  that  de- 
scribed for  Drummond's  lime-light.  The  electric 
lamp,  as  described  before  (Part  I.,  p.  46),  is  substi- 
tuted for  the  oxyhydrogen  gas  lamp  in  the  lantern,* 
Fig.  35  ;  and  the  two  adjustable  carbon  points  con- 
nected by  copper  wires  with  an  electric  battery  of 
50  Bunsen's  or  Grove's  large  elements.  As  soon 
as  the  current  passes  through  the  carbon  poles,  the 
electric  arc  is  formed,  and  the  white  light  pour- 
ing through  the  slit  produces  by  means  of  the  lens 
/  (Fig.  34),  a  well-defined  image  of  the  slit  upon  the 
screen.  If  the  flint-glass  prism  /  be  again  placed 
in  the  path  of  the  rays  behind  the  lens,  the  wonder- 
fully beautiful  spectrum  of  the  electric  light  appears 
thrown  sideways  on  the  screen,  in  place  of  the 
white  image  of  the  slit.  By  slightly  increasing  the 
width  of  the  slit,  the  spectrum  gains  considerably  in 

*  The  electric  lamp  and  lantern  represented  in  the  drawing  is 
constructed  by  Browning  especially  for  this  purpose,  and  is  much 
simpler  and  cheaper  than  that  by  Duboscq. 
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brilliancy,  and  the  colours  are  so  clear  and  brilliant 
that  the  spectrum  would  still  be  bright,  were  the 
light  spread  over  a  surface  even  two  or  three  times 
as  large.  It  will  be  desirable  to  enter  somewhat 
further  into  this  experiment,  because  practically 
it  is  often  necessary  to  produce  a  great  dispersion 
of  light,  and  thus  obtain  a  very  extended  spectrum, 
in  order  that  its  various  details  may  be  examined 
with  sufficient  minuteness. 


Fig.  35. 


Browning's  Electric  Lamp, 


For  this  purpose  the  flint  glass  prism  is  replaced 
by  one  of  bisulphide  of  carbon  (Fig.  35),  which 
produces  a  spectrum  of  the  same  breadth  but  of 
almost  double  the  length  of  the  former  one.  Im- 
mediately in  front  of  this  prism  /  (Fig.  36)  is 
placed  the  prism  of  flint  glass  /j,  so  arranged  as  to 
throw  the  rays  upon  the  second  prism /  in  a  manner 
similar  to  that  in  which  it  had  itself  received  the 
light  from  the  lens  (the  prisms  forming  an  angle 
of  about  100°  with  each  other)  ;  in  this  way  the 
spectrum  is  extended  to  the  length  of  about  eight 
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feet,  and  diverted  more  than  go°  to  one  side  :  the 
colours,  however,  though  still  very  visible,  and 
easily  distinguishable  one  from  another,  have  yet 
lost  much  of  their  original  brilliancy.  A  com- 
bination of  two  prisms  of  bisulphide  of  carbon 
would  extend  the  spectrum  still  further,  but  the 
brightness  would  be  diminished  in  the  same  pro- 
portion. 

Fig.  36. 


Action  of  the  Double  Prism. 


In  many  scientific  investigations,  not  merely  two, 
but  sometimes  four  and  even  as  many  as  eight 
prisms,  with  angles  varying  from  45°  to  60°  are 
employed,  according  to  the  strength  of  the  light. 

20.  Recombination  of  the  Colours  of  the 

Spectrum. 

If  white  light  be  actually  composed  of  the  colours 
contained  in  the  spectrum,  then  the  recombination 
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of  the  same  colours  must  reproduce  white  light; 
The  simplest  method  of  collecting  several  rays  of 
light  into  one  point  is  by  a  convex  lens  or  a 
burning-glass.  If  the  sun's  rays  fall  perpendicularly 
on  such  a  glass,  the  refraction  they  suffer  in  their 
passage  through  it  causes  them  to  converge  to  one 
point — the  focus.  To  accomplish  by  this  means 
the  recombination  of  the  coloured  rays  of  the 
spectrum  of  the  electric  light,  a  cylindrical  lens 

Fig.  37. 


Recombination  of  the  Colours  of  the  Spectram. 

must  be  interposed  between  the  prism  and  the 
screen  on  which  the  spectrum  of  the  small  line  of 
light  issuing  from  the  slit  is  extended  to  a  length 
of  some  six  feet :  this  lens  is  a  convex  lens  of 
peculiar  form,  which  possesses  the  property  of  re- 
combining  in  a  point  all -the  rays  issuing  from  each 
point  of  the  line  of  light  passing  through  the  slit 
after  dispersion  by   the  prism,  and  therefore  of 

7 


98 


SPECTRUM  ANALYSIS. 


representing  the  whole  of  the  rays  of  that  short 
line  of  light  again  as  a  small  line.  When,  there- 
fore, this  lens  (Fig.  37)  is  placed  at  a  proper 
distance  behind  the  prism,  the  colours  of  the 
spectrum  disappear  from  the  screen,  and  are  re- 
placed by  a  short  line  of  light,  some  few  inches  in 
breadth,  white  in  the  middle  and  slightly  coloured 
at  the  edges.  As  this  colour  indicates  that  the  large 
screen  is  not  in  the  focus  of  the  lens,  a  smaller  one 
is  placed  nearer  to  it,  upon  which  the  image  ap- 
pears as  a  purely  white,  very  narrow  line  of  light, 
in  which  all  the  coloured  rays  issuing  from  the 
prism  have  been  recombined,  and  the  white  light 
reproduced  out  of  which  they  originated. 

21.  Influence  of  the  Width  of  Slit  on  the 
Purity  of  the  Spectrum. 

The  spectrum  of  white  light  is  the  richer  and 
purer  in  colour  the  narrower  the  slit  is  made :  the 
truth  of  this  statement  will  be  easily  proved  by  the 
following  considerations.  The  ray  of  white  light 
aa^  (Fig".  38)j  falling  on  the  prism  P  from  the 
extreme  end  a  of  the  slit  a  b,  produces  a  complete 
spectrum  r  v,  which  contains  between  r  and  z\  or  red 
and  violet,  all  the  colours  of  the  spectrum.  In  the 
same  manner  the  ray  b  b^,  proceeding  from  the  other 
end  of  the  slit  b,  exhibits  also  a  complete  spectrum, 

v^,  with  all  its  colours.  Between  these  two  ends 
a  and  b  are  many  other  points,  emitting  light, 
which  increase  in  number  according  to  the  width  of 
the  slit ;  out  of  these  let  us  select  for  consideration 
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the  point  c,  the  ray  from  which  cc^  forms  another 
spectrum,  r^v^,  between  the  two  outer  spectra,  rz^ 
and  7\  z;„  which  it  is  evident  falls  partly  over  the 
two  other  spectra  between  the  two  points  f\  v^. 
While  in  the  portions  v  v^,  i\  i\  there  are  parts  of 
the  pure  spectra  formed  by  the  rays  a  and  b  b^, 
there  are  to  be  found  in  the  portions  of  the 
compound  spectra  v  the  superposed  colours  due 
to  the  whole  slit,  and  their  colours  being  no  longer 


Fig.  38. 


Influence  of  the  Width  of  Slit  on  the  Purity  of  the  Spectrum, 


separately  distinguishable,  produce  on  the  eye  the 
impression  of  a  confusion  of  tints.  The  spectrum 
of  white  light,  therefore,  emitted  through  a  wide  slit 
is  only  pure  or  of  one  colour  at  the  extreme  ends, 
in  the  red  and  in  the  violet  rays  ;  in  the  middle 
a  mingled  light  prevails,  composed  of  all  possible 
groups  of  rays,  and  which,  therefore,  might  be 
decomposed  afresh  into  its  constituent  parts  by  a 
second  prism. 

On  this  account  it  is  important  to  pay  the  greatest 
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attention  to  the  width  of  th^  slit  in  all  practical 
applications  of  spectrum  analysis :  as  a  rule,  it 
should  never  be  wider  than  the  intensity  of  the 
light  to  be  examined  absolutely  requires.  The 
contrivances  for  the  regulation  of  the  width  of 
slit  are  mostly  very  simple;  the  purity  of  the 
spectrum,  however,  is  not  merely  affected  by  the 
width  of  the  slit,  but  also  by  the  smoothness  of 
its  edges,  since  a  few  particles  of  dust  even  on 
the  edges  of  the  slit  are  sufficient  to  produce  a 
number  of  dark  streaks  along  the  whole  length  of 
the  spectrum,  which  greatly  impede  observation. 

2  2.  The  Continuous  Spectra  of  Solid  and 

Liquid  Bodies. 

When  the  carbon  points  used  for  the  production 
of  the  electric  light  are  carefully  prepared,  and 
completely  free  from  all  extraneous  substances,  the 
light  is  purely  white,  being  emitted  exclusively  by 
solid  particles  of  carbon  in  a  state  of  incandescence. 
The  spectrum  of  this  light  is,  therefore,  con- 
tinuous, like  that  of  incandescent  lime  ;  it  is  un- 
broken by  gaps  in  the  colours,  or  by  sudden 
transitions  from  one  colour  to  another,  and  is  un- 
interrupted by  either  dark  or  bright  bands. 

All  other  incandescent  bodies,  whether  solid  or 
liquid,  give  a  similar  spectrum,  the  colours  being 
distributed  in  the  order  represented  in  the  Frontis- 
piece, No.  I.  If,  instead  of  the  lime-light,  the  mag- 
nesium light  (§  4),  the  light  of  an  incandescent 
platinum  wire,  or  the  flame  of  coal  gas  in  which 
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light  is  produced  by  incandescent  particles  of  car- 
bon, be  analysed  by  the  prism,  continuous  spectra 
are  always  obtained,  but  with  this  difference,  that 
the  various  groups  of  colour  are  not  always  dis- 
tributed in  exactly  the  same  proportion  in  each 
individual  spectrum  ;  and  therefore,  according  to 
the  kind  of  light  employed,  sometimes  red,  some- 
times yellow,  and  sometimes  violet  predominates. 
Only  in  very  rare  instances  do  incandescent  solid 
substances  emit  with  any  pre-em.inent  strength  an 
isolated  set  of  coloured  rays,  as  is  the  case  with 
the  very  rare  substance,  Erbia.  It  may  therefore 
be  considered  that,  as  a  rule,  where  there  is  a  con- 
tinuoiLs  spectrum  imtliout  gaps,  a7id  containing  every 
shade  of  colour,  the  light  is  derived  from  an  incandescent 
solid  or  liquid  body. 

23.  The  Spectra  of  Vapours  and  Gases. 

Very  different  spectra  are  obtained  when  the 
source  of  light  is  not  an  incandescent  solid  or  liquid 
body,  but  a  vapour  or  a  gas  in  a  glowing  state. 
Instead  of  a  continuous  succession  of  colours,  the 
spectrum  then  exhibits  a  series  of  distinct  bright 
coloured  bands,  separated  one  from  another  by  dark 
spaces. 

As  gases  and  vapours  in  a  luminous  state  emit 
much  less  light  than  do  solid  bodies,  the  exhibition 
of  their  spectra  on  a  screen  before  a  large  audience 
is  restricted  to  those  substances  which  give  by  their 
volatilization  in  the  oxyhydrogen  flame,  or  electric 
lamp,  a  luminous  vapour  of  sufficient  brilliancy  to 
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form  a  spectrum  clearly  visible  at  some  distance, 
notwithstanding  the  distance  of  the  screen  from  the 
slit,  and  the  loss  of  light  by  its  passage  through  the 
lens  and  the  thick  prism.  For  this  purpose,  the 
vapours  of  copper,  zinc,  brass,  silver,  cadmium, 
sodium,  thallium,  etc.,  are  particularly  suited. 

Although  the  oxyhydrogen  flame  is  adapted  for 
these  experiments,  inasmuch  as  it  emits  scarcely 
any  light,  yet  the  electric  lamp  is  much  more  suited 
to  the  purpose,  because  it  generates  a  far  greater 
degree  of  heat,  therefore  volatilizes  more  rapidly 
the  above-named  substances,  and  brings  them  to 
a  higher  state  of  luminosity.  In  order  to  exhibit 
these  spectra,  the  apparatus  described  in  §  19, 
and  drawn  in  Fig.  35,  is  employed ;  the  lower 
carbon  pole  of  the  lamp  is  replaced  by  a  half-inch 
cylinder,  Fig.  39,  of  pure  carbon,  the  upper  end 
of  which  is  slightly  hollowed,  and  it  is  fixed  pre- 
cisely in  the  focus  of  the  lantern  lens.  In  the 
hollowed  end  of  the  carbon  is  laid  a  piece  of  zinc 
the  size  of  a  pea,  and  the  upper  pole,  t?,  is  brought 
down  until  it  comes  in  contact  with  it,  when  the 
electric  current  instantly  passes  through  the  carbon, 
and  the  intense  heat  produced  quickly  volatilizes  the 
zinc.  If  the  upper  carbon  pole  0  be  now  withdrawn 
to  form  an  arc  of  flame,  and  it  be  raised  somewhat 
higher  than  was  the  case  during  the  former  experi- 
ment, so  that  the  carbon  may  glow  less,  and  the 
light  be  almost  exclusively  that  of  the  luminous 
zinc  vapour,  there  will  be  seen  on  the  screen,  not 
the  spectrum  of  incandescent  zinc,  but  that  of  the 
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vapour  of  zinc  which  constitutes  the  arc  of  light 
seen  between  the  carbon  poles.  It  will  be  at  once 
perceived  that  this  spectrum  differs  essentially  from 
the  continuous  spectrum  already  described ;  it  con- 
sists, in  fact,  of  only  one  red  band  and  three  very 
beautiful  bright  blue  bands.  The  faintly  coloured 
band  which  forms  as  it  were  a  background  to  these 
bright  stripes,  is  due  to  the  glowing  carbon,  some 
of  the  white  light  of  which  reaches  the  screen  ;  on 

Fig.  39. 


Volatilization  of  Metals  in  the  Electric  Light. 

opening  the  lantern,  the  zinc  vapour  is  seen  rising 
in  the  form  of  a  blue  cloud. 

The  carbon  which  has  become  contaminated  by 
the  zinc  may  be  replaced  by  a  fresh  cylinder, 
in  the  cavity  of  which  is  laid  a  piece  of  copper, 
and  the  electric  current  again  allowed  to  pass : 
a  spectrum  of  quite  another  kind  appears  on  the 
screen,  consisting  of  three  bright  bands  which  were 
not  present  in  the  zinc  spectrum,  while  the  red  and 
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blue  Stripes  which  characterized  the  latter  have 
disappeared. 

Instead  of  the  carbon  cylinders,  thick  rods  or 
wires  of  zinc,  copper,  etc.,  may  be  employed  :  the 
spectra  are  then  more  decided  and  brilliant,  but  are 
very  evanescent,  lasting  only  for  a  moment,  because 
the  metals  burn  away  the  instant  there  is  contact, 
and  the  electric  current  is  then  interrupted. 

The  inquiry  now  suggests  itself  whether  the 
ether  waves  which  produce  the  colours  in  the 
spectra  of  zinc  and  copper  would  suffer  any  reci- 
procal interference  were  the  same  experiment  to  be 
made  with  brass,  a  substance  composed  of  zinc 
and  copper ;  or  whether  each  material  in  this  alloy 
would  emit  independently  its  own  peculiar  colours, 
so  that  the  spectrum  of  the  compound  substance 
would  consist  of  the  superposed  spectra  of  the  com- 
ponent metals  ?  In  order  to  obtain  an  answer  to 
this  question,  it  is  <^nly  necessary  to  lay  a  piece  of 
brass  in  the  cavity  of  a  fresh  cylinder  of  carbon, 
and  apply  the  electric  current.  A  magnificent 
spectrum  meets  the  eye,  in  which  can  be  recognized 
at  once  not  only  the  red  line  and  three  bright  blue 
bands  of  the  zinc,  but  also  the  three  green  bands 
of  the  copper.  The  rays  from  the  volatilized  con- 
stituents of  an  alloy  do  not  therefore  interfere  with 
each  other ;  each  vapour,  even  when  in  combination 
with  other  vapours,  emits  its  own  system  of  coloured 
rays,  which  in  passing  through  a  prism  separate 
from  one  another  in  consequence  of  their  unequal 
refrangibility,  and  appear  .as  a  system  of  disunited 
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columnar  bands,  forming  an  interrupted  or  dis- 
continuous spectrum. 

To  avoid  the  tedious  and  troublesome  operation 
of  changing  the  lower  carbon  cylinder,  Ruhmkorff, 
of  Paris,  has  fitted  to  the  lamp  the  contrivance 
shown  in  Fig.  40,  which  will  be  easily  understood 
by  comparing  it  with  Duboscq's  regulator  (Fig.  17). 
The  clockwork  is  dispensed  with,  as  during  the  few 
moments  necessary  for  the  volatilization  of  a  small 
piece  of  metal,  the  arc  of  light  between  the  upper 
carbon  0  and  the  lower  carbon  u  is  very  slightly 
removed  from  the  focal  point  of  the  lens,  and  by 
turning  the  screw  ^,  the  whole  of  the  upper  portion 
of  the  lamp  may  be  raised  and  lowered  at  will,  and 
the  arc  of  light  thus  kept  continuously  in  the  focus 
of  the  lantern  lens.  Six  carbon  cylinders,  instead 
of  one  only  as  in  Fig.  39,  are  here  employed, 
arranged  in  a  circle  upon  a  small  plate,  which  by 
means  of  the  carrier  G  is  made  to  revolve,  so  that 
by  simply  turning  the  plate  round,  any  one  of  them 
may  be  brought  exactly  under  the  carbon  cylinder 
0.  This  cylinder  can  be  raised  or  lowered  by  means 
of  the  screw  b,  so  that  if  before  the  experiment  six 
different  metals  be  placed  upon  the  carbon  cylinders, 
by  merely  turning  the  plate,  and  if  necessary  by 
turning  the  screws  a  and  b,  each  metal  may  be 
volatilized  in  the  arc  of  flame,  and  the  spectrum  of 
its  glowing  vapour  obtained. 

The  characteristic  feature  of  spectra  obtained 
from  luminous  vapours  or  gases  is  the  want  of  con- 
tinuity in  the  succession  of  the  colours.    Such  a 
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spectrum  is  composed  of  distinct  coloured  bands, 
irregularly  arranged,  with  dark  spaces  between  them, 
and  is  therefore  called  a  discontinuous  spectrum,  a 
spectrum  of  bright  lines,  or  a  gas  spectrum. 


Fig.  40. 


Ruhmkorff's  Electric  Lamp. 


The  Spectra  of  the  vapours  of  sodium,  lithium, 
csesium,  and  rubidium  are  represented  in  Nos.  2,  3, 
4,  and  5  of  the  Frontispiece,  while  those  of  oxygen, 
hydrogen,  and  nitrogen  gas  are  shown  in  Nos.  6,  7, 
and  8.   They  exhibit  at  a  glance  the  great  difference 
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which  exists  between  the  continuous  spectrum 
(No.  i)  of  incandescent  solid  and  liquid  bodies  and 
the  discontinuous  spectra  of  gases.  The  vapour  of 
sodium  (No.  2)  under  ordinary  circumstances,  and 
when  not  exposed  to  an  extremely  high  temperature, 
gives  a  spectrum  consisting  only  of  one  bright 
orange  line,  which  however  will  be  seen  to  be 
double  by  the  use  of  sufficient  dispersive  power. 
The  spectrum  of  luminous  lithium  vapour  (No.  3) 
consists  only  of  two  coloured  lines  or  bands,  one  a 
brilliant  red  and  the  other  a  faint  yellow  line.  Much 
more  complete  is  the  spectrum  of  caesium  ;  at  a 
sufficiently  high  temperature  the  luminous  vapour 
exhibits  from  ten  to  thirteen  clearly  distinguishable 
lines,  three  of  which  are  visible  even  at  a  low  tem- 
perature. Of  these  three  lines  two  are  blue  and  one 
yellow ;  the  remaining  yellow  and  green  lines  do 
not  appear  as  individual  bands  until  the  temperature 
is  sufficiently  high  to  cause  the  glowing  vapour  to 
emit  light  of  the  requisite  intensity,  as  before  this 
heat  is  attained  they  run  one  into  the  other  so 
as  to  give  a  faint  show  of  colour  in  the  manner 
of  a  continuous  spectrum. 

It  is  desirable  to  supplement  the  observations 
previously  made  with  the  spectrum  of  brass  by  the 
two  following  experiments.  Let  a  grain  of  sodium 
be  laid  upon  the  lower  cylinder,  and  the  electric  cur- 
rent allowed  to  pass  through  it  to  the  upper  carbon 
pole.  The  sodium  is  quickly  volatilized  in  the  arc 
of  flame,  and  the  spectrum  already  described  (Fron- 
tispiece, No.  2)  appears  on  the  screen,  a  single 
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Stripe  of  bright  yellow.  Let  the  current  now  be 
interrupted,  and  two  fresh  carbon  cylinders  intro- 
duced, on  the  lowest  of  which  is  laid  a  grain 
of  common  salt,  and  the  current  re-established. 
Common  salt  is  a  compound  of  chlorine  and  sodium, 
and  it  might  be  expected  from  the  experiment  with 
brass,  the  spectrum  of  which  was  made  up  of  the 
combined  spectra  of  its  two  components,  zinc  and 
copper,  that  the  spectrum  of  salt  would  similarly 
consist  of  the  spectrum  of  chlorine  gas  and  that  of 
the  vapour  of  sodium  :  this,  however,  is  evidently  not 
the  case,  for  only  the  same  yellow  bands  appear  which 
were  given  by  the  metallic  sodium,  occupying  pre- 
cisely their  former  position  on  the  screen  ;  while  of 
chlorine,  which  when  isolated  gives  a  very  character- 
istic spectrum,  there  is  nothing  whatever  to  be  seen. 

The  same  thing  occurs  with  other  metals  that 
combine  with  chlorine,  as  may  be  seen  if  a  mixture 
of  the  chlorides  of  lithium,  barium,  magnesium, 
and  thallium  be  placed  on  the  upper  surface  of  a 
somewhat  wider  cylinder  of  carbon.  As  the  current 
passes  from  pole  to  pole  these  substances  are  vola- 
tilized in  the  arc  of  flame,  and  on  contracting  the 
slit  a  little  a  number  of  closely  arranged  coloured 
bands  are  seen,  some  of  which — as,  for  instance, 
the  red  of  the  lithium  and  the  bright  green  of  the 
thallium — stand  out  with  especial  distinctness.  If 
a  second  prism  (Fig.  32)  be  interposed,  so  as  to 
lengthen  the  spectrum  to  about  six  feet,  the  indi- 
vidual stripes  appear  less  bright,  but  more  sharply 
divided  one  from  another ;  by  widening  the  slit,  the 
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Stripes  increase  a  little  in  brilliancy.  Those  who 
are  familiar  with  the  simple  spectra  of  lithium, 
barium,  mag^nesium,  and  thallium,  will  not  find  it 
difficult  to  recognize  each  separate  substance  in  the 
compound  spectrum  produced  by  the  mixture  of 
these  substances;  here  again,  however,  the  spectrum 
of  chlorine  is  not  present,  at  least  it  is  not  visible. 

If  the  various  compounds  of  such  metals  as  so- 
dium, calcium,  etc., — for  example,  chloride  of  cal- 
cium, iodide  of  calcium,  nitrate  of  lime,  etc., — be  in 
the  same  way  subjected  to  spectrum  analysis,  the 
spectrum  of  the  metal  is  alone  obtained,  and  never 
that  of  the  other  constituents;  the  spectra  of 
the  vapours  of  metals  assert  themselves  with  such 
marked  prominence  that  the  spectrum  of  any  non- 
metallic  substance  with  which  they  are  in  com- 
bination either  does  not  appear  at  all,  or  else  is  so 
overpowered  by  the  clear  and  brilliant  lines  of  the 
spectrum  of  the  metal  as  not  to  be  perceived.* 

24.  Spectrum  Apparatus. 

-  The  thought  is  perhaps  rising  in  the  minds  of 
many  who  have  accompanied  us  thus  far  that  the 
production  of  the  spectrum  of  a  substance  for  the 
purposes  of  analytical  examination  is  encumbered 
with  great  difficulties  and  many  troublesome  details, 
involving  too  much  labour  to  be  available  for  the 
use  of  the  chemist  and  the  physicist.  This  is, 
however,  not  the  case  ;  if  in  our  mode  of  illustra- 

*  See  Appendix  A,  "  On  the  Cause  of  Interrupted  Spectra  of 
Gases,"  by  G.  Johnstone  Stoney,  M.A.,  F.R.S. 
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tion  a  powerful  galvanic  battery  and  the  electric 
lamp  with  its  revolving  table  and  large  screen  have 
been  employed,  it  has  been  only  to  show  how  by 
the  extraordinary  heat  and  light  of  the  voltaic  arc, 
the  simple  phenomena  on  which  spectrum  analysis 
is  based  can  be  made  visible  to  many  hundred  spec- 
tators at  once  in  a  large  lecture-room.  When  how- 
ever the  light  from  the  heated  vapours  need  not  be 
greater  than  is  required  for  a  single  observer,  the 
whole  electric  apparatus  may  be  dispensed  with,  and 
the  simple  Bunsen  burner  (Fig.  2)  substituted  ;  in- 
deed, in  many  cases,  a  powerful  spirit  flame  is  suf- 
ficient to  exhibit  the  gas  spectrum  of  a  substance. 
The  slit  and  the  prism  may  then  be  reduced  to 
small  dimensions ;  in  place  of  the  large  screen  of 
paper  that  reflected  the  light,  the  small  sensitive 
screen  of  nerves — the  retina  of  the  human  eye — be- 
comes the  surface  on  which  the  spectrum  is  received  ; 
and  the  whole  cumbrous  contrivance  occupying  so 
much  space  is  replaced  by  a  small  spectrum  appa- 
ratus as  trustworthy  as  it  is  easy  to  manipulate. 

Every  spectrum  apparatus  or  spectroscope,  ex- 
clusive of  the  source  of  light,  is  composed  of  an 
adjustable  slit,  a  contrivance  (collimating  lens)  for 
rendering  the  rays  parallel  that  have  passed  through 
the  slit,  and  a  prism.  In  order  that  the  instrument 
may  be  used  at  any  hour  of  the  day,  all  light  ex- 
cept that  under  examination  must  be  excluded  from 
the  prism,  and  therefore  the  slit,  lenses,  and  prism 
are  enclosed  in  a  tube,  or  if  the  prism  be  too  large 
the  latter  is  fitted  with  a  separate  cover.  Further, 
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as  the  spectrum  on  emerging-  from  the  prism  is  but 
little  longer  than  the  width  of  the  slit,  and  only 
becomes  of  some  length  as  the  distance  from  the 
prism  increases,  a  magnifying  glass  is  introduced, 
in  order  that  the  eye,  though  at  but  a  small  dis- 
tance from  the  prism,  may  see  the  spectrum  of  a 
sufficiently  large  size,  and  the  spectrum  therefore 
is  not  observed  with  the  naked  eye,  but  through 
the  medium  of  a  telescope  of  moderate  power.* 

It  has  been  already  mentioned  that  the  coloured 
rays  composing  the  spectrum  form  an  angle  with  the 
incident  rays  as  they  enter  the  prism.    It  is  therefore 


Fig.  41, 


The  simple  Spectroscope. 

necessary,  in  observing  the  spectrum,  that  the  tube 
of  the  telescope  directed  to  the  outer  surface  of  the 
prism  should  be  placed  in  a  different  direction  to 
the  tube  carrying  the  slit  and  the  lens.  A  spectro- 
scope arranged  in  this  way  is  shown  in  Fig.  4 1 .  The 
light  emitted  from  L,  after  passing  through  the 
slit  s  and  the  collimating  lens  /,  reaches  the  prism  / 
in  parallel  rays;  it  is  there  diverted  as  well  as  de- 
composed, whereby  the  spectrum  S  is  seen  through 

*  [The  telescope  is  necessary  not  only  for  magnifying  the  spec- 
trum, but  also  for  enabling  the  eye  to  receive  the  Avhole  of  the 
light  passing  from  the  collimating  lens  through  the  prisms. 
Without  a  telescope  the  eye  receives  so  much  only  of  the  beam  of 
parallel  rays  as  is  contained  in  the  area  of  the  pupil  of  the  eye.]' 
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the  telescope  F  in  a  direction  very  different  from 
that  of  the  tube  si.  This  arrangement  has  the 
inconvenience  that  in  conducting  a  research  with 
spectrum  analysis  the  eye  cannot  be  directed  straight 
at  the  light,  and  therefore  the  spectrum  can  only 
be  found  after  some  search  for  it  by  moving  the  in- 
strument backwards  and  forwards.  A  spectroscope 
would  therefore  be  obviously  more  convenient  if 
the  slit,  lens,  prism,  and  telescope  were  all  in  a 
straight  line,  so  that  it  would  be  only  necessary,  in 


Fig.  42. 


Indivisibility  of  the  Pure  Colours  of  the  Spectrum. 

observing  with  it,  to  direct  the  instrument  like  a 
telescope  to  the  light  to  be  examined,  in  order  to 
observe  the  spectrum. 

On  reconsidering  the  action  of  a  prism  5,  Fig.  42, 
it  will  be  easy  to  understand  that  the  various 
coloured  rays  receive  a  different  amount  of  deviation 
according  to  the  position  of  the  prism  as  regards  the 
incident  ray;  it  can  be  readily  shown  by  calculation 
that  of  all  the  emergent  rays  that  one  suffers  the 
least  deviation  which,  as  in  E  R,  Fig.  28,  makes  the 
same  angle  with  the  prism  as  the  incident  ray  S  I 
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makes  with  the  surface  upon  which  it  falls.  When 
a  prism  is  so  placed  that  the  coloured  ray  in  the 
spectrum  suffering  least  deviation  is  the  one  which 
possesses  the  mean  wave-length — about  0*000549  of 
a  millimetre  i^uide  p.  82) — which  is  situated  between 
the  yellow  and  the  green,  the  prism  is  then  said  to 
be  in  the  position  of  mijiimicm  deviation;  strictly 
speaking,  however,  the  prism  has  a  special  position 
of  minimum  deviation  for  each  coloured  ray.  The 
angle  formed  by  this  central  emergent  ray  with  the 
incident  ray  is  the  measure  of  the  refractive  or 

Fig.  43. 


Neutralization  of  Refraction  and  Dispersion. 

deviating  power  of  the  prism,  while  the  length  of 
the  spectrum  is  the  measure  of  its  demnpodng  or 
dispersive  power. 

If  two  prisms,  A  and  B  (Fig.  43),  of  similar  com- 
position and  equal  refracting  angle,  be  placed  in 
reversed  positions,  the  incident  ray  E,  of  white  light, 
will  be  refracted  by  the  first  prism  A,  and  decom- 
posed into  its  coloured  rays ;  the  second  prism  B, 

however,  which  refracts  in  an  opposite  direction, 
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destroys  the  first  divergenee,  and  reunites  the  in- 
cident coloured  rays  into  a  single  emergent  ray  F. 
If  the  ray  F  be  received  upon  a  screen,  there  will 
appear  a  white  image,  tinged  at  the  upper  edge  with 
red,  and  at  the  lower  with  violet  light,  because  at 
the  extreme  edges  of  the  image  the  colours  are  not 
superposed.  In  this  case  the  second  prism  B  has 
neutralized  both  the  refraction  and  the  dispersion 
of  the  first  prism,  and  the  action  of  this  system  of 
prisms  is  very  nearly  the  same  as  that  of  a  thick 
piece  of  glass  with  parallel  sides. 

Now  i^  the  dispersive  power  of  a  prism  varied  in 


Fig.  44. 


Amici's  Direct-vision  System  of  Prisms. 


the  same  proportion  as  its  power  of  refraction,  then 
whatever  the  kind  of  glass  employed  for  the  prisms 
placed  as  in  Fig.  43,  and  whatever  might  be  their 
refracting  angles,  when  they  were  so  placed  as  to 
neutralize  refraction,  their  power  of  dispersion  or 
capability  of  forming  a  spectrum  would  be  likewise 
destroyed.   In  other  words,  the  formation  of  a  spec- 
trum would  always  be  connected  with  the  deviation 
of  light  from  its  straight  course,  and  it  would  not  be 
possible  by  means  of  a  system  of  prisms  to  receive 
the  spectrum  of  a  luminous  object— for  example,  a 
flame  or  a  star — when  viewed  in  a  straight  Ime. 
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In  reality,  however,  this  is  not  the  case.  The 
dispersive  power  of  various  kinds  of  prisms  is  not 
in  equal  proportion  to  the  refractive  power ;  a  flint- 
glass  prism,  for  instance,  gives  with  an  equal 
amount  of  refraction  of  the  central  rays  a  spec- 
trum of  much  greater  length  than  can  be  obtained 
from  one  of  crown  glass.  It  is  therefore  possible 
►  so  to  combine  and  place  in  reversed  positions,  as 
in  Fig.  43,  two  prisms  of  different  refracting  angles, 
one  of  flint,  and  the  other  of  crown  glass,  that  the 
refraction  of  the  incident  rays  shall  be  entirely 
counteracted,  while  the  greater  dispersive  power  of 
the  flint  glass  shall  only  be  partially  destroyed  by 
the  crown  glass,  and  consequently  a  spectrum 
formed  by  the  remaining  rays.  If  a  bright  object 
be  looked  at  through  such  a  system  of  prisms,  in  a 
rectilinear  direction,  its  spectrum  will  be  seen  in  the 
line  of  sight ;  the  colours  will  of  course  not  be  so 
widely  dispersed  as  would  be  the  case  were  the 
object  looked  at  in  an  oblique  direction  through 
the  flint-glass  prism  alone. 

Compound  prisms  of  this  kind,  or  more  espe- 
cially systems  of  prisms  which  show  a  spectrum 
when  held  in  a  straight  line  between  the  source  of 
light  and  the  observer's  eye,  are  (z-^S^^d.  dired-vuion 
prisms. 

Such  an  arrangement  of  the  spectroscope  was 
approximately  accomplished  by  Amici,  in  i860,  by 
a  judicious  combination  of  two  crown-glass  prisms, 
with  a  third  prism  of  flint  glass  of  90°  interposed. 
By  this  construction  the  rays  of  mean  refrangibility 

3  A 
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suffer  no  divergence,  so  that  a  luminous  object 
may  be  viewed  in  a  rectilinear  direction,  and  a 
spectrum  be  obtained,  since  the  dispersion  produced 
by  the  flint-glass  prism  in  one  direction  is  greater 
than  that  produced  by  the  two  crown-glass  prisms 
in  the  opposite  direction. 

Fig.  45  exhibits  another  form  of  direct-vision 
prism,  contrived  by  Professor  A.  Herschel  for  the 
observation  of  meteors.  The  ray  of  light  E  under- 
goes two  total  reflections  from  the  inner  surfaces  of 


Fig.  45. 


Herschel's  Direct-vision  Prism. 


the  prism  before  it  emerges  from  it  in  the  form  of 
the  spectrum  F,  in  a  direction  parallel  to  E.  The 
construction,  however,  of  such  a  prism  is  surrounded 
with  difficulties,  since  the  action  of  each  surface 
is  required  in  the  course  of  the  rays,  and  it  is 
exceedingly  difficult  to  attain  sufficient  accuracy  in 
the  angles  a  and  c. 

.  Browning,  the  optician,  has  overcome  these  dif- 
ficulties by  combining  two  such  prisms.  In  the 
Herschel-Browning  system  of  prisms  (Fig.  46),  the 
ray  F,  which  emerges  from  the  first  prism  A  in 
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a  direction  parallel  to  the  incident  ray  E,  is  brou^^-ht 
back  again  by  the  second  prism  B  to  the  direction 
of  the  incident  ray,  so  that  the  central  emergent 
coloured  rays  G  form  an  exact  prolongation  of  the 
incident  ray  E. 

Janssen,  of  Paris,  adopting  Amici's  construction, 
has  produced,  with  the  help  of  the  excellent  opti- 
cian Hofmann,  a  direct-vision  spectroscope,  which 
from  the  facility  with  which  it  can  be  used,  its 
moderate  price,  and  the  great  purity  and  length  of 
the  spectrum  it  produces,  has  become  an  instrument 


Fig.  46. 


Herschel-Browning's  System  of  Prisms. 


indispensable  to  the  chemist,  the  physicist,  and  the 
astronomer. 

Janssen' s  direct-vision  spectroscope,  Fig.  47,  has 
the  appearance  of  an  ordinary  telescope,  and  can 
either  be  held  in  the  hand  while  in  use,  or  placed, 
when  steadiness  is  required,  upon  a  small  revolving 
stand.  The  several  parts  are  sketched  in  the  draw- 
ing above  the  instrument,  in  the  same  positions 
that  they  occupy  within  the  tube.  In  front,  at  the 
end  which  is  directed  towards  the  source  of  light. 
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is  the  slit  S,  formed  of  two  steel  edges,*  which  can 
be  easily  widened  or  contracted  by  means  of  the 
screw  V  and  an  opposing  spring.  At  L  the  colli- 
mating  lens  /  is  inserted,  by  which  the  rays  diverging 
from  the  slit  S  are  rendered  parallel,  and  thrown 

Fig.  47. 

-f^^^--e-i-  hi-^ 

1      P     P       a'    a  00 


Janssen-Hofmann's  Direct-vision  Spectroscope. 


Upon  the  five  prisms  /.  Of  these,  which  are  drawn 
in  detail  in  Fig.  48,  the  first,  third,  and  fifth  are  of 
crown  glass,  while  the  second  and  fourth  are  of 
flint  glass,  and  they  form  so  perfect  a  system  from 

*  [Mr.  Rutherfurd  employs  the  unalterable  substance  obsidian 
for  the  edges  of  the  slit.] 
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the  accurate  adjustment  of  the  angles  of  the  prisnis, 
that  the  emergent  central  coloured  rays  F  have 
precisely  the  same  direction  as  the  incident  rays  E, 
and  therefore  pass  in  a  straight  line  through  the 
tube  L  G  M  O,  in  which  the  compound  prisms 
occupy  the  space  between  L  and  G.    The  lenses 


Fig.  48. 


Janssen's  Direct-vision  System  of  Prisms. 


a  and  a  behind  G  form  the  object-glass ;  d  and  0 
in  the  small  sliding  tube  O,  the  eyepiece  of  the 
telescope  through  which  the  spectrum  is  observed. 

Browning  has  manufactured  another  direct-vision 
spectroscope,  with  seven  prisms,  which  commends 
itself  by  the  excellence  of  its  performance,  the 


Fig.  49. 


Browning's  Miniature  Spectroscope. 


facility  of  its  use,  the  smallness  of  its  dimensions, 
the  purity  of  colour,  and  its  low  price.  A  sketch 
of  it  is  shown  in  Fig.  49  ;  the  slit  is  simply  regu- 
lated by  turning  round  a  ring  at  the  end  of  the 
tube,  and  the  spectrum  is  observed  direct  without  a 
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elescope.  The  length  of  this  admirable  little  in- 
strument is  only  about  3^  inches,  and  is  therefore 
very  deservedly  called  the  miniature  or  pocket 
spectroscope. 

25.  Mode  of  Measuring  the  Distances  between 
THE  Lines  of  the  Spectrum. 

We  have  already  seen  that  the  spectra  of  lu- 
minous vapours  consist  of  one  or  more  coloured 
bands,  and  that  it  is  not  difficult  from  the  distribu- 
tion of  these  lines  in  the  spectrum  to  recognize  the 
substance  by  which  such  a  spectrum  is  produced. 
Experience  teaches  that  the  single  lines  forming  the 
spectrum  of  any  given  substance  never  fall  in  the 
same  places  as  those  of  another  substance,  the  spec- 
trum of  which  may  be  shown  at  the  same  time  ;  but 
owing  to  the  immense  number  of  these  lines  (in 
Iron,  for  example,  according  to  Angstrom  and 
Thalen  from  460  to  500),  they  approach  each  other 
so  closely,  especially  when  the  spectrum  is  not  much 
spread  out,  that  it  is  necessary  to  have  a  contrivance 
in  a  spectrum  apparatus  for  determining  the  relative 
places  of  the  single  lines,  and  for  measuring  with 
precision  the  amount  of  separation  one  from  the 
other. 

The  number  and  relative  position  of  these  lines 
is,  indeed,  always  the  same  in  a  given  apparatus  for 
any  one  substance  as  long  as  the  temperature  re- 
mains the  same,  however  variously  the  substance 
may  be  combined  with  other  bodies ;  but  by  the  use 
of  prisms  of  greater  dispersive  power,  or  of  a  larger 
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number  of  prisms,  or  by  increasing  the  refracting- 
angle,  of  the  prisms  or  the  size  of  the  telescope, 
these  positions  are  altered,  so  that  the  actual  amount 
of  separation  between  any  two  lines  in  the  spectrum 
of  any  substance  varies  according  to  the  arrange- 
ment of  the  spectrum  apparatus.  This  alteration 
extends  even  to  the  relative  distances  of  the  various 
lines  in  one  and  the  same  spectrum ;  when  the 
whole  spectrum  of  a  substance  is  by  any  means 
extended  two  or  three  times  its  original  length, 
the  single  lines  do  not  all  separate  one  from  the 
other  in  the  same  proportion.     On  this  account 


Fig.  50. 


Graduated  Scale  in  Spectroscope. 


the  same  substance  does  not  yield,  in  different 
spectroscopes,  spectra  identical  throughout ;  the 
estimation  of  this  difference  is  therefore  one  out  of 
many  reasons  why  it  is  requisite  to  have  some 
means  of  measuring  the  distance  of  the  individual 
lines  one  from  the  other,  and  of  determining  their 
relative  positions. 
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The  simplest  and  most  usual  arrangement  of  this 
kind  is  illustrated  in  Fig.  50.  C  is  again,  as  in  Fig. 
41,  the  tube  enclosing  the  slit  s,  and  the  collimating 
lens  /;  p  is  the  prism,  and  F  the  telescope.  To  this 
is  added  a  third  tube  S,  which  is  with  the  others 
fastened  to  a  stand,  and  lies  with  them  on  a  hori- 
zontal plane.  At  the  extreme  end  of  this  tube  is  fixed 
a  reduced  millimetre  scale  7/1,  photographed  on  glass 
of  about  one-fifteenth  the  original  dimensions,  which 
,is  provided,  according  to  the  size  of  the  apparatus, 
with  a  larger  or  smaller  number  of  fine  divisions. 
The  tube  S  is  inclined  in  such  a  manner  towards 
the  surface  of  the  prism  n,  on  which  the  telescope  is 
directed,  that  its  axis  and  that  of  the  telescope  form 
the  same  angle  with  the  surface  of  the  prism  ;  con- 
sequently the  scale  m  is,  in  obedience  to  the  laws  of 
light,  reflected  by  the  outer  polished  surface  of  the 
prism  in  the  direction  of  the  axis  of  the  telescope, 
and  its  magnified  image  is  seen  in  the  telescope  F 
at  the  same  time  as  the  spectrum  to  be  observed. 
The  scale  7Ji  is  bordered  on  both  sides  with  tinfoil, 
and  illuminated  from  without  by  a  candle,  K,  or  a 
small  gas  flame,  so  that  its  image  is  seen  with  com- 
plete distinctness  the  whole  length  of  the  spectrum  ; 
and  as  its  black  divisions  are  parallel  to  the  coloured 
bands,  the  amount  of  separation  between  any  two  of 
these  bands  may  easily  be  read  off  in  parts  of  the 
graduated  scale. 

In  the  direct-vision  spectroscope,  Fig.  47,  a  small 
glass  scale  placed  in  the  eyepiece  of  the  telescope 
is  seen  projected  upon  the  spectrum,  and  by  means 
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of  this  scale  the  position  of  the  lines  of  the  spectrum 
may  be  measured. 

A  contrivance  preferable  to  any  fixed  scale  is  that 
by  which  a  well-defined  mark  of  some  kind — as,  for 
instance,  a  fine  wire  or  cross-wires,  or  two  points 
facing  each  other,  or  a  line  of  light,  etc. — is  made  to 
move  along  the  spectrum  in  the  inside  of  the  tube, 
and  the  amount  of  motion  accurately  measured  ex- 
ternally by  means  of  a  micrometrical  arrangement. 
This  micrometer  consists  principally  of  a  sliding 
plate  a,  Fig.  51,  provided  with  a  slit  or  fine  metal 
wire,  an  underplate  b  b,  on  which  the  first  plate 


Fig.  51. 


Micrometer  for  Measuring  the  Distances  between  the  Lines. 

travels,  and  an  exceedingly  fine  screw  d,  the  head  c 
of  which  is  engraved  after  the  manner  of  a  divided 
circle.  This  screw,  which  is  held  firmly  at  works 
into  the  screw-plate  d  attached  to  the  slide  in 
which  the  mark  is  fixed,  which  it  moves  to  the  right 
or  left  upon  the  lower  plate.  In  order  to  measure 
accurately  the  amount  of  motion,  the  value  of  a 
screw-thread  must  be  ascertained,  and  the  screw- 
head  c  be  so  divided  as  to  mark  off  parts  of  an  entire 
revolution.  If,  for  instance,  one  revolution  of  the 
screw  is  half  a  millimetre  in  value,  and  the  circum- 
ference of  the  screw-head  c  be  divided  into  fifty 
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equal  parts,  the  displacement  of  the  mark  by  a 
complete  revolution  of  the  screw  amounts  to  half  a 
millimetre,  consequently  a  displacement  amounting 
to  one  division  of  the  screw-head  is  equivalent  to 

only  -  of  a  half  millimetre,  or  to  —  of  a  millimetre. 

•'50  '  100 

The  screw-head  c  works  close  to  the  sharp  edge  7z, 
by  which  parts  of  a  revolution  can  be  read  off,  while 
the  number  of  complete  revolutions  are  registered 
by  means  of  the  indicator  on  the  slide  a  being 
brought  over  the  divisions  marked  on  the  under- 
plate  b  b.  The  micrometer  is  so  connected  with  the 
eyepiece  of  the  telescope  in  the  spectrum  apparatus 
that  the  slide  ^,  with  its  indicator,  is  in  the  inside  of 
the  tube,  while  the  screw-head  c  and  the  divisions 
numbering  the  complete  revolutions  are  visible  on 
the  outside.  The  micrometer  mark  is  seen  projected 
upon  the  spectrum  in  the  field  of  the  telescope,  and 
may  be  brought  over  any  part  of  it  by  turning  the 
screw.  In  this  way  it  is  possible,  by  moving  the 
indicator  from  one  line  of  the  spectrum  to  another, 
to  determine  accurately  the  distance  between  any 
two  lines  by  the  divisions  marked  on  the  screw- 
head. 

Another  mode  of  determining  the  relative  posi- 
tions of  the  lines  of  a  spectrum,  consists  of  a  telescope 
provided  with  cross-wires,  or  a  line  of  light  which 
can  be  moved  on  an  axis  from  one  line  to  another, 
and  the  angle  measured  which  is  described  by  this 
motion.  In  this  case  the  distance  between  the 
lines  is  denoted  by  the  angle ;  it  will  be  seen  at 
once  that  for  any  given  instrument  it  is  easy  to 
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I  calculate  the  real  distance  between  the  lines  from 
!the  angles  measured.* 

*  [Two  new  forms  of  spectroscopes,  in  which  the  positions  of 
:the  lines  can  be  rapidly  registered,  were  constructed  for  obser- 
vations of  the  solar  eclipse  of  December,  1870. 

Professor  Winlock  contrived  a  form  of  instrument  in  which  the 
positions  of  the  observing  telescope,  when  directed  to  different 
parts  of  the  spectrum,  are  recorded  by  marks  upon  a  plate  of 
silvered  copper. 

Mr.  Huggins  communicated  to  the  Royal  Society  the  following 
description  of  the  instrument  taken  by  him  to  Oran  : — 

"The  short  duration  of  the  totality  of  the  solar  eclipse  of 
December  last,  led  me  to  seek  some  method  by  which  the  positions 
of  lines  observed  in  the  spectrum  of  the  corona  might  be  instantly 
registered  without  removing  the  eye  from  the  instrument,  so  as  to 
avoid  the  loss  of  time  and  fatigue  to  the  eye  of  reading  a  micro- 
meter-head, or  the  distraction  of  the  attention  and  other  incon- 
veniences of  an  illuminated  scale. 

"  After  consultation  with  the  optician  Mr.  Grubb,  it  seemed 
that  this  object  could  be  satisfactorily  accomplished  by  fixing  in 
the  eyepiece  of  the  spectroscope  a  pointer  which  could  be  moved 
along  the  spectrum  by  a  quick-motion  screw,  together  with  some 
arrangement  by  which  the  position  of  this  pointer,  when  brought 
into  coincidence  with  a  line,  could  be  instantly  registered. 

"  I  was  furnished  by  Mr.  Grubb  Avith  an  instrument  fulfilling 
these  conditions,  and  also  with  a  similar  instrument  with  some 
modifications  by  Mr.  Ladd,  in  time  for  the  observation  of  the 
eclipse. 

"  Unfortunately,  at  my  station  at  Oran,  heavy  clouds  at  the  time 
of  totality  prevented  the  use  of  these  instruments  on  the  corona, 
but  they  were  found  so  convenient  for  the  rapid  registration  of 
spectra,  that  it  appears  probable  that  similar  instruments  might 
be  of  service  for  other  spectrum  observations. 

"  In  these  instruments  the  small  telescope  of  the  spectroscope 
is  fixed,  and  at  its  focus  is  a  pointer  which  can  be  brought  rapidly 
upon  any  part  of  the  spectrum  by  a  screw-head  outside  the  tele- 
scope. The  spectrum  and  pointer  are  viewed  by  a  positive  eye 
piece  which  slides  in  front  of  the  telescope,  so  that  the  part  of 
the  spectrum  under  observation  can  always  be  brought  to  the 
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26.  The  Compound  Spectroscope. 

The  reader  is  now  in  a  position  to  understand 
the  use  of  the  various  parts  of  a  complete  spectrum 
apparatus,  Fig.  52,  especially  the  three  tubes  directed 
to  the  prism  at  different  angles,  as  in  that  constructed 

middle  of  the  field  of  view.  The  arm  carrying  the  pointer  is 
connected  by  a  lever  with  a  second  arm,  to  the  end  of  which  are 
attached  two  needles,  so  that  these  move  over  about  two  inches 
when  the  pointer  is  made  to  traverse  the  spectrum  from  the  red 
to  the  violet.  Under  the  extremity  of  the  arm  fitted  with  the 
needles  is  a  frame  containing  a  card,  firmly  held  in  it  by  two  pins 
which  pierce  the  card.  This  frame  containing  the  card  can  be 
moved  forward  so  as  to  bring  in  succession  five  different  portions 
of  the  card  under  the  points  of  the  needles  ;  on  each  of  these 
portions  of  the  card  a  spectrum  can  be  registered. 

"  The  mode  of  using  the  instrument  is  obvious.  By  means  of 
the  screw-head  at  the  side  of  the  telescope,  the  pointer  can  be 
brought  into  coincidence  with  a  line  ;  a  finger  of  the  other  hand 
is  then  pressed  upon  one  of  the  needles  at  the  end  of  the 
arm  which  traverses  the  card,  and  the  position  of  the  line  is 
instantly  recorded  by  a  minute  prick  on  the  card.  A  bright  line 
is  distinguished  from  a  dark  line  by  pressing  the  finger  on  both 
needles,  by  which  a  second  prick  is  made  immediately  below  the 
other.  In  all  cases  the  position  of  the  line  is  registered  by  the 
same  needle,  the  second  needle  being  used  to  denote  that  the  line 
recorded  is  a  bright  one. 

"  It  was  found  that  from  ten  to  twelve  Fraunhofer  lines  could 
be  registered  in  about  twelve  seconds,  and  that  when  the  same 
lines  Avere  recorded  five  times  in  succession  on  the  same  card, 
no  sensible  difference  of  position  could  be  detected  between  the 
pricks  registering  the  same  line  in  the  several  spectra. 

"  It  is  obvious  that,  by  registering  the  spectra  of  diflferent 
substances  on  the  card,  a  ready  method  is  obtained  of  comparing 
the  relative  positions  of  the  lines  of  their  spectra. 

"  Each  spectroscope  was  furnished  with  a  compound  prism  made 
by  Mr.  Grubb,  which  gave  a  dispersion  equal  to  about  two  prisms 
of  dense  glass,  with  a  refracting  angle  of  60°."] 
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by  Kirchhoff  and  Bunsen.  The  eye  of  the  observer 
is  placed  in  the  axis  of  the  telescope  directed  to  that 
surface  of  the  prism  from  which  the  light  emerges 
in  the  form  of  the  spectrum  ;  the  opposite  surface  of 
the  prism  receives  through  the  slit  and  collimating 
lens  the  light  emitted  from  the  object  to  be  exa- 


FiG.  52. 


The  Compuund  Spectroscope. 


mined  ;  at  the  side  of  the. observer  is  the  tube  carry- 
ing the  illuminated  scale,  or  the  micrometer  screw, 
so  that  the  mark  coinciding  with  any  division  of  the 
scale  may  be  placed  on  any  line  of  the  spectrum.* 

*  The  description  of  the  microspectroscope,  telespectroscope, 
and  meteor-spectroscope  will  be  given  further  on. 
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In  most  spectrum  investigations  the  dispersion 
obtained  by  a  flint-glass  prism  of  45°  or  60°  is 
sufficient  to  show  the  chief  characteristics  of  the 
spectrum  ;  should  this  not  be  the  case,  however, 
the  dispersion  must  be  increased  by  the  use  of 
several  prisms,  a  method  already  explained  in 
reference  to  Fig.  36. 

Kirchhoff  employed  in  his  investigations  on  the 


Fig.  53. 


Kirchhoff  s  Spectioscope  by  Steinlieil. 


solar  spectrum  an  excellent  apparatus  constructed 
by  Steinheil,  of  Munich,  in  which,  instead  of  only 
one  prism  of  flint  glass,  four  such  prisms  were 
employed,  and  a  telescope  possessing  a  magnifying 
power  of  40.  Each  of  the  four  prisms  (Fig.  53), 
three  of  which  had  a  refracting  angle  of  45°,  and  the 
fourth  of  60°,  was  cemented  on  to  a  small  brass 
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tripod,  and  could  thus  be  easily  placed  in  the  right 
position  on  a  horizontal  iron  table.    The  tube  A 


carried  at  the  end,  directed  towards  the  sun,  the  slit, 
and  the  prism  for  comparison,  which  will  be  de- 
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scribed  hereafter  (Fig.  57) ;  the  telescope  B,  which 
received  the  widely  diverging  rays  of  the  solar 
spectrum  from  the  last  prism,  could  be  moved  by 
means  of  a  micrometer  screw  R,  on  a  divided  circle, 
so  as  to  determine  the  distance  between  any  of  the 
dark  lines  in  angular  measure. 

This  amount   of  elongation   of  the  spectrum 
has  been,  however,  surpassed ;  Thalen  employed 
six  flint-glass  prisms,  each  having  an  angle  of  60° ; 
Gassiot  went  as  far  as  eight,  Merz  even  to  eleven 
prisms  of  glass,  while  Cooke  made  use  of  as  many 
as  nine  prisms  of  bisulphide  of  carbon.    Fig.  54 
shows  one  of  the  largest  spectroscopes  3^et  made, 
constructed  by  Browning,  and  used  by  Gassiot  at 
the  Kew  Observatory  for  the  investigation  and 
delineation  of  the  solar  spectrum.    The  tube  A 
carries  the  collimating  lens,  the  slit,  and  the  prism 
for  comparison  ;  the  nine  prisms  rest,  as  in  Kirch- 
hoffs  instrument,  on  small  plates  provided  with 
levelling  screws  upon  an  iron  table;  B  is  a  telescope 
of  high  magnifying  power;  C,  a  tube  fitted  with  a 
scale  (compare  Fig.  50).    The  slender  ray  of  light 
entering  the  first  prism  from  the  slit  and  collimator- 
tube  A  passes  through  the  range  of  nine  prisms  as 
shown  in  Fig.  55,  and  finally  emerges  from  the  last 
prism  and  enters  the  telescope  B  in  the  form  of  a 
widely  dispersed  ray  or  an  elongated  spectrum. 
The  power  of  a  spectrum  apparatus,  however,  does 
not  depend  alone  upon  the  number  of  the  prisms, 
but  also  quite  as  much  upon  the  dispersive  power 
of  each  prism.    In  the  workshops  of  the  celebrated 
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Optician  Merz,  of  Munich,  prisms  have  been  manu- 
factured lately  of  the  densest  lead  glass,  having 
a  specific  gravity  of  475  ;  one  of  these  prisms  with  a 
refracting  angle  of  60°  is  quite  as  efficient  as  the 
four  prisms  together  employed  in  Kirchhoff's  in- 
strument, Fig.  53.* 


Fig.  55. 


Path  of  the  Ray  through  the  Nine  Prisms. 


27.  Browning's  Automatic  Spectroscope. 
Spectroscopes  consisting  of  several  prisms  are 
usually  adjusted  by  finding  the  minimum  of  devia- 
tion for  the  brightest  rays, — those,  for  instance, 
situated  between  the  yellow  and  the  green, — for  each 
prism  which  is  then  permanently  secured  to  its 

*  [Very  dense  glass  has  the  disadvantage  of  not  being  colour- 
less. In  lead  glass  the  absorption  of  light  due  to  this  cause  is 
almost  wholly  confined  to  the  part  of  the  spectrum  more  refrangible 
than  F.] 

9A 
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supporting  plate.  There  are,  however,  two  objec- 
tions to  this  arrangement.  In  the  first  place,  only 
those  rays  for  w^hich  the  prisms  are  specially 
adjusted  are  seen  under  the  most  favourable  cir- 
cumstances, because  they  only  pass  through  each 
prism  in  a  line  parallel  to  the  base.  In  the  second 
place,  since  the  last  prism  is  immovable,  while  the 
telescope  travels  in  an  arc  from  one  end  of  the  spec- 
trum to  the  other,  the  object-glass  of  the  telescope 
receives  the  full  light  only  when  it  is  directed  to 
the  central  part  of  the  spectrum  ;  and,  on  the 
contrar)^,  only  a  part  of  the  light  falls  on  the 
object-glass  when  the  telescope  is  directed  to  one 
end  of  the  spectrum,  either  the  red  or  the  violet. 

Now  it  is  easy  to  see  that  in  observing  the  ends 
of  the  spectrum  it  is  most  important  that  the  object- 
glass  should  receive  the  whole  of  the  light,  since  it 
is  just  these  terminal  colours  that  have  least  bril- 
liancy. This  can  only  be  accomplished  by  the 
prisms  being  made  adjustable  for  the  minimum  .of 
deviation  for  those  rays  which  are  under  examina- 
tion. 

Bunsen  and  Kirchhoff,  therefore,  in  their  investi- 
.  gations  of  the  solar  spectrum,  attached  the  prisms 
of  their  compound  spectroscope  (Fig.  53)  to  the 
ground -plate  by  means  of  movable  supports,  and 
altered  the  position  of  the  prisms  for  ever}^  colour 
of  the  spectrum ;  it  is  needless  to  remark  that  such 
an  arrangement  involved  much  trouble  and  incon- 
venience. 

This  inconvenience  is  removed  in  Browning's 
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automatic  spectroscope,  by  so  connecting  the  prisms 
with  each  other  and  the  telescope,  that  on  placing 
the  instrument  on  any  particular  colour,  the  prisms, 
without  any  interference  from  the  observer,  will  be 
simultaneously  and  automatically  adjusted  for  the 
minimum  of  deviation  for  that  colour. 

Fig.  56  shows  the  arrangement  of  the  various 


Fm.  56. 


Browning's  Automatic  Spectroscope. 


parts  of  the  automatic  spectroscope.  Of  the  prisms,, 
numbered  from  i  to  6,  the  first  only  is  fastened  to 
the  ground-plate  P  P,  the  others  are  connected  to 
each  other  by  hinges  at  the  corners  of  the  triangular 
metal  holders  forming  the  base.  A  metal  rod  a, 
provided  with  a  slit,  is  attached  to  the  middle  of 
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this  base,  by  means  of  which  each  prism  can 
move  round  a  central  pin  common  to  the  whole  set. 
The  prisms  are  arranged  in  a  circle  round  this  pin, 
which  again  is  fastened  to  a  swallow-tailed  movable 
bar,  ss,  about  two  inches  in  length,  situated  under 
the  plate  P  P.  If,  therefore,  the  central  pin  be 
moved,  the  whole  system  of  prisms  moves  with  it, 
and  the  amount  of  motion  communicated  to  each 
prism  varies  in  proportion  to  its  distance  from  the 
first  prism,  which  is  stationary;  if,  for  instance, 
prism  2  moves  i°,  the  third  prism  is  moved  2°, 
the  fourth  3°,  the  fifth  4°,  and  the  sixth  5°.  The 
tube  of  the  telescope  B  is  fastened  to  a  lever  H, 
which  is  connected  by  a  hinge  with  the  last  prism, 
No.  6.  At  the  other  end  of  this  lever,  or  on 
the  carrier  of  the  telescope  B,  works  the  micro- 
meter screw  M,  by  turning  which  the  tube  B  can 
be  directed  upon  any  part  of  the  spectrum  issuing 
from  prism  6.  This  lever  is  so  adjusted,  that  to 
whatever  angle  the  telescope  is  turned,  the  amount 
of  movement  for  the  last  prism  shall  be  twice  as 
great.  The  rays  emerging  from  the  middle  of 
this  last  prism  fall  perpendicularly  upon  the  centre 
of  the  object-glass  of  the  telescope ;  the  rays 
issuing  from  the  collimator  A,  and  falling  upon 
the  first  stationary  prism  i,  pass  through  the  indi- 
vidual prisms  in  a  line  parallel  to  their  base,  and 
arrive  finally  on  their  emergence  from  the  last 
prism,  6,  in  the  direction  of  the  optical  axis  of  the 
telescope,  whether  it  be  directed  upon  the  central 
or  the  terminal  colours  of  the  spectrum  ;  the  object- 
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glass  is  consequently  always  filled  with  light.  As 
the  tube  B  is  turned  towards  any  colour  of  the 
spectrum,  the  lever  H  sets  at  the  same  time  all  the 
prisms  in  motion,  in  such  a  manner  that  each 
adjusts  itself  to  the  minimum  angle  of  deviation. 

The  automatic  spectroscope  shows  a  great  ad- 
vance in  the  construction  of  compound  spectro- 
scopes, and  has  already  been  acknowledged  as  such 
by  all  authorities  on  this  subject.* 

*  [Automatic  spectroscopes  possessing  these  advantages  in  a. 
greater  or  less  degree,  had  been  constructed  previously  by  Littrow, 
Rutherfurd,  Prof.  Young,  and  Mr.  Lockyer.  An  in-dependent 
method  adopted  by  Grubb,  is  thus  described  by  him  : — 

"  The  spectroscope  as  exhibited  is  in  an  unfinished  state,  having 
been  sent  to  Mr.  Huggins  for  arranging  some  small  matters 
of  convenience,  such  as  the  dividing  of  Sector,  Reading  micro- 
scope, etc. 

"  It  consists  of  a  combination  of  four  compound  prisms  and  two 
semi-compound  prisms,  all  made  use  of  twice,  the  total  power  of 
the  instrument  therefore  being  equal  to  ten  compound  prisms,  each 
having  a  dispersion  of  about  9°,  that  is,  a  total  dispersion  of 
about  90°,  probably  the  largest  ever  obtained.  The  observing 
and  collimating  telescopes  are  respectively  6  and  42  inches  focus, 
and  I  inch  aperture,  the  section  of  pencil  actually  in  use  being 
I  inch  by  :  o'6  inch.  This  is  perfectly  constant  from  end  to  end 
of  the  spectrum,  as  the  prisms  are  automatically  worked. 

"  The  prisms  are  2^  inches  high,  being  just  twice  the  height 
required  for  the  section  of  the  pencil :  the  lower  half  being  made 
use  of  for  the  first  course  of  rays,  the  upper  for  the  backward 
course. 

"  Referring  to  the  diagrams  (the  same  letters  of  reference  apply 
to  both),  the  dotted  lines  represent  those  levers,  etc.,  which  are 
situated  in  a  different  plane,  being  at  the  back  of  the  spectroscope. 
The  right-angle  prism  of  reflection  (o)  is  applied  only  on  the  upper 
half  of  the  first  semi-compound  prism  (i),  so  that  it  does  not 
interfere  with  the  first  course  of  the  rays,  which  utilize  only  the 
lower  half  of  the  prisms. 
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28,  Prism  of  Comparison,  or  Reflecting 

Prism. 

By  means  of  a  careful  examination  of  the  spec- 
trum lines  of  all  known  substances  in  which  atten- 

"  The  parallel  rays  from  the  collimator  enter  the  lower  half 
of  the  first  semi-compound  prism  without  refraction,  this  prism 
(i),  therefore,  is  stationary.  They  then  pass  through  four  entire 
compound  prisms,  2,  3,  4,  5,  and  one  semi-compound,  6,  from 
which  by  two  internal  total  reflections  in  the  prism  of  reflection,  7, 
they  are  passed  to  the  upper  half  of  the  prisms,  by  which  they 
return  through  the  four  entire  compounds  and  two  semi-compounds, 


and  are  finally  received,  emerging  from  the  first  fixed  semi-prism, 
by  the  right-angled  prism  of  total  reflection  o,  and  so  passed  to 
the  observing  telescope,  which  is  placed  at  right  angles  to  the 
collimator  merely  as  a  matter  of  preference.  Any  other  position 
can  be  utilized  if  desired. 

"  The  prisms  and  automatic  arrangement  are  contained  in  an 


PRISM  OF  COMPARISON. 


137 


tion  has  not  only  been  given  to  the  brightness  of 
the  lines,  but  also  to  the  exact  measurement  of 

air-tight  box,  and  both  observing  and  collimating  telescopes  are 
stationary,  considerable  advantages  in  such  a  powerful  spectro- 
scope, and  allowing  of  great  compactness. 

"  The  several  parts  of  the  spectrum  required  to  be  examined 
are  brought  into  the  field  by  acting  on  the  sector,  which  carries 
the  automatic  arrangement,  each  line  being  exactly  in  minimum 
deviation  when  brought  to  the  centre  of  the  field. 

"The  sector  reading  by  a  vernier  to  10  seconds  of  arc  divides 
the  spectrum  into  about  20,000  parts. 

"  The  mechanical  arrangement  of  the  automatic  movement  is 
that  which  we  made  a  model  of  during  Mr.  Huggins'  visit  here 
last  spring,  and  decided  upon  as  giving  the  most  constant  and 
reliable  results. 


"  The  motion  is  given  to  the  chain  of  prisms  entirely  by  a 
system  of  levers  which  will  be  easily  understood  from  the  dia- 
grams. 

"  The  first  three  movable  j  oints  of  chain  A  B  C  are  connected 
by  levers  to  the  studs  a,  b,  c,  fixed  in  a  circular  disk,  which  is 
rotated  through  60°  by  the  toothed  sector  and  pinion.  The  pins 
being  fixed  at  their  proper  radii,  draw  the  several  prism  tables 
through  the  required  angle,  the  levers  forming  tangents  in  their 
mean  position.  The  last  two  joints  D  and  E  were  found  geo- 
metrically to  describe  most  accurately  arcs  of  circles ;  they  have 
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their  relative  distances,  accurate  drawings  have 
been  made  of  the  spectra  of  various  substances, 
some  of  which  are  given  in  the  Frontispiece  and 
in  the  table,  Fig.  6i.  If  these  tables  be  provided 
wdth  a  millimetre  scale,  by  which  the  distance 
between  any  two  lines  can  be  determined,  they 
form  a  valuable  standard  of  comparison  in  doubtful 
cases  when  examining  the  spectrum  of  an  unknown 
substance.  But  in  an  ordinary  spectroscope,  no 
great  dependence  can  be  placed  on  the  measures 
made  with  the  photographic  scale,  for  the  breadth 
of  the  lines  depends  upon  the  width  of  the  slit,  and 
this  may  vary  wdth  each  observer ;  the  measure- 
ment, too,  and  subsequent  comparison  of  a  spec- 
trum with  the  spectra  represented  in  the  tables, 
requires  too  much  time,  besides  being  laborious 

therefore  been  attached  to  levers  working  on  fixed  centres  at 
back  of  spectroscope,  shown  in  the  drawing  by  dotted  lines. 

"  The  whole  system  of  the  automatic  movement  is  composed  of 
hardened  steel  pivots,  working  in  hardened  steel  bearings,  a  system 
which  can  obviously  be  made  to  work  with  the  greatest  accuracy 
and  constancy. 

"  The  delicate  steel  parts  of  slit  have  been  electro-gilt,  to  pre- 
serve them  from  oxidation.  The  jaws  (of  gold  plate)  are  drawn 
asunder  by  a  double  wedge,  acted  upon  by  a  screw,  so  as  to 
preserve  the  axis  of  colUmation.  They  are  pulled  together  by  a 
spring  at  the  back.  The  micrometer  head  of  screw  is  divided 
into  forty  parts,  each  division  being  equivalent  to  ^  of  an  inch 
of  opening. 

"  The  slots  in  the  table  of  the  spectroscope  have  nothing  what- 
ever to  do  with  the  guiding  of  the  chain  of  prisms.  They  are 
merely  to  allow  of  the  junction  of  the  two  systems  of  levers  working 
in  different  planes."— J/i?//////)'  Notices  of  J?.  Astronomical  Society, 
vol.  xxxi.,  p.  36.] 
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and  uncertain,  while  in  many  cases  the  spectrum  to 
be  examined  is  very  evanescent,  or  perhaps  appears 
under  circumstances  that  make  comparison  with 
the  tables  either  impracticable  or  quite  untrust- 
worthy in  its  results. 

In  all  such  cases  it  is  well  to  employ  a  contrivance 
of  Kirchhoff's,  by  which  only  one-half  of  the  slit 
is  employed  for  the  spectrum  to  be  examined, 
and  the  other  half  made  use  of  for  receiving  a 
second  spectrum  from  the  incandescent  vapour  of 

Fig.  57. 


The  Prism  of  Comparison,  or  Reflecting  Prism. 

a  well-known  substance,  which  can  then  be  com- 
pared directly  with  that  under  examination.  For 
this  purpose  the  upper  half  of  the  slit  remains 
free,  and  can,  as  shown  in  Fig.  57,  be  made  wider 
or  narrower  at  will  by  means  of  the  micrometer 
screw.  In  front  of  the  lower  half  is  placed  a  small 
equilateral  glass  prism,  a  b,  which  is  movable,  and 
which  cuts  off  from  this  portion  of  the  slit  all  the 
rays  of  light  falling  directly  in  front  of  it. 

A  reference  to  Fig.  58,  which  gives  a  horizontal 
section  of  the  vertical  slit  and  prism  of  comparison, 
will  easily  explain  its  action.  F  is  the  source  of 
light  whence  the  rays  pass  straight  through  the 
upper  half  of  the  slit  above  the  surface  of  the  small 
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prism,  and  form  a  spectrum  according  to  the  usual 
action  of  an  inverting  telescope,  in  the  lower  half 
of  the  field  of  view.  At  one  side,  on  a  level  with 
the  prism,  is  placed  the  flame  L,  either  a  Bunsen 
burner  or  a  spirit  lamp,  in  which  the  substance 
is  volatilized,  the  spectrum  of  which  is  needed  for 
comparison  with  that  formed  by  the  light  F.  The 
rays  from  L  falling  at  right  angles  on  the  surface 
d /,  will  be  totally  reflected  as  by  a  mirror  from  the 
prism  surface  ^  ^:  at  the  point  r,  and  will  emerge 
from  the  prism  in  the  direction  r^,  pass  at  5  through 

Fig.  58. 


t 

The  Prism  of  Comparison. 

the  lower  half  of  the  slit,  and  fall  in  the  direction 
st  on  the  lower  half  of  the  principal  prism  in  the 
inside  of  the  tube,  in  the  same  manner  as  the 
rays  from  F  fell  on  the  upper  half.*  In  this  way 
the  spectra  0  and  n  of  the  two  flames  F  and  L 

*  [The  light  passing  through  each  half  of  the  slit  is  not 
restricted  to  the  corresponding  part  of  the  prism,  but  since  it 
consists  of  diverging  rays,  spreads  itself  over  the  collimating  lens 
and  then  passes  through  the  prism  as  a  beam  of  parallel  rays  of 
the  same  diameter  as  the  lens.] 
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are  seen  in  juxtaposition  in  the  same  field  of  view 
as  shown  in  Fig.  59,  where  for  greater  clearness  it 
is  represented  as  it  would  appear  if  both  images 
were  thrown  upon  a  screen.  In  reality,  as  the 
spectra  0  and  u  are  seen  through  a  telescope  direct 
without  a  screen,  their  positions  are  reversed,  so 
that  the  spectrum  0  from  the  upper  half  of  the  slit 
is  seen  below,  and  the  spectrum  u  from  the  lower 
half  is  seen  above.  If  the  same  substance  be  vola- 
tilized in  the  two  flames  F  and  L,  the  corresponding 


Fig.  59. 


The  Double  Spectrum. 


lines  of  one  spectrum  will  fall  in  exact  prolongation 
of  those  of  the  other,  because  tv/o  pencils  of  rays  of 
the  same  constitution  will  produce  precisely  similar 
spectra  with  the  same  width  of  slit,  the  same  prism, 
and  the  same  position  of  the  telescope. 

If,  therefore,  the  presence  of  a  certain  substance 
be  suspected  in  one  of  the  flames, — for  example,  in 
F, — and  from  its  spectrum  received  through  the 
upper  half  of  the  slit,  there  remains  some  doubt 
as  to  its  nature,  a  small  quantity  of  the  supposed 
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substance  is  volatilized  in  the  second  flame  L,  and 
a  comparison  made  between  the  juxtaposed  spectra. 
If  there  be  a  complete  coincidence  between  the  lines 
of  the  upper  and  lower  spectra,  they  both  belong 
to  one  and  the  same  substance  ;  while  in  the  case 
of  want  of  coincidence,  the  body  to  be  tested  does 
not  contain  the  same  substance  as  that  with  which 
it  is  compared.  From  the  extreme  sensitiveness  of 
the  eye  to  the  exact  coincidence  of  two  lines  in  two 
spectra  produced  under  similar  circumstances  and 
observed  at  the  same  time,  this  mode  of  comparison 
forms  one  of  the  most  important  methods  of  spec- 
trum analysis. 


Fig.  6o. 


Hofmann's  Prism  of  Comparison. 

Fig.  60  shows  how  the  small  prism  of  comparison 
P  can  be  easily  applied  to  a  direct-vision  spectro- 
scope (Fig.  47)  by  means  of  the  sliding-ring  C.  It 
will  be  understood  that  instead  of  the  second  flame, 
the  electric  spark  or  one  of  Geissler's  tubes  filled 
with  a  known  gas  may  be  employed  ;  the  import- 
ance of  this  method,  when  applied  to  the  spectrum 
investigations  of  the  sun,  the  fixed  stars,  nebulre, 
and  comets,  can  only  be  fully  entered  into  when 
this  part  of  the  subject  comes  under  discussion. 
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For  the  ready  comparison  of  various  spectra,  it 
is  convenient  to  have  always  at  hand  the  means 
of  producing  the  spectra  of  known  elements.  For 
this  purpose  sm.all  wax  or  tallow  candles  are 
prepared,  the  wick  of  which  is  impregnated  with 
the  various  metallic  compounds  of  chlorine,  and 
they  are  employed  as  a  secondary  source  of  light 
in  the  manner  above  described. 

29.  Designation  of  the  Lines  of  the  Spectrum. 

Not  only  the  number  of  the  spectrum  lines  of 
a  substance,  but  also  the  degree  of  their  intensity, 
is  deserving  of  careful  attention.  As  the  brilliancy  of 
the  lines  increases  with  the  temperature,  so,  as  a  rule, 
it  is  those  lines  which  are  particularly  prominent 
at  a  high  degree  of  heat  that  are  the  first  to  appear 
at  a  low  temperature.  These  prominent  lines  there- 
fore are  the  most  suited  for  the  recognition  of  a 
substance,  and  on  this  ground  are  called  the  charac- 
teristic lines.  Such  lines  according  to  their  degree 
of  brightness  are  designated  in  each  substance  by 
the  letters  of  the  Greek  alphabet,  a,  /3,  7,  8,  etc., 
being  affixed  to  the  chemical  sign  denoting  the  sub- 
stance. The  spectrum  of  potassium  (Fig.  61,  No.  i) 
has  two  characteristic  lines,  one  red  and  one  violet; 
the  former,  as  the  most  intense,  is  therefore  desig- 
nated Ka,  a,  the  latter  by  Ka,  /3.  The  brilliant  red 
line  of  lithium  (Fig.  61,  No.  3,  Frontispiece  No.  3) 
is  called  Li,  a,- the  fainter  orange  line  Li, /3;  the 
characteristic  lines  of  the  spectrum  of  barium  (No.  6) 
are  in  the  green ;  those  of  caesium  (No.  8,  Frontispiece 
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Fig.  6i. 
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No.  4)  Cs,  a  and  Cs,  /3  are  blue  ;  those  of  rubidium 
(No.  7,  Frontispiece  No.  5)  Rt),  a,  El),  /3,  violet,  and 
El),  7,  Eb,  dark  red ;  the  most  intense  line  of 
hydrogen  gas  (Frontispiece  No.  7)  is  red,  and  is 
designated  by  H  a,  the  greenish-blue  line  nearly 
equal  to  it  in  brightness  by  H  )3,  and  the  much 
fainter  violet  line  by  H  y,  etc. 

The  table  in  Fig.  61  exhibits  the  spectra  observed 
by  Kirchhoff  and  Bunsen  as  follows  :  i ,  Potassium  ; 
2,  Sodium  ;  3,  Lithium  ;  4,  Strontium  ;  5,  Calcium  ; 
6,  Barium  ;  7,  Rubidium  ;  8,  Caesium  ;  9,  Thallium  ; 
10,  Indium,  collated  for  easy  comparison,  with  a 
statement  of  the  colour  of  the  individual  lines,  and 
a  scale  for  determining  their  relative  distances. 
The  colours  marked  above  No.  i  represent  the  solar 
spectrum,  in  which  the  black  lines  designated  A,  B 
up  to  H  will  be  hereafter  explained. 

30.  Various  Methods  for  Exhibiting  the 
Spectra  of  Terrestrial  Substances. 

The  spectra   of  incandescent  solid  and  liquid 

bodies  are  coniinuous^  and  resemble  each  other  so 

closely,  that  only  in  a  very  few  instances  can  they 

be  distinguished  ;  spectra  of  this  kind  are,  therefore, 

not  suitable  for  the  recognition  of  a  substance, 

though  they  authorize  the  conclusion,  as  a  rule, 

that  the  substance  is  either  in  a  solid  or  liquid 

state.    Only  the  discontinuous  spectra,  consisting 

of  coloured  lines  which  are  obtained  from  a  gas  or 

vapour,  are  sufficiently  characteristic  to  enable  the 

observer  to  pronounce  with  certainty,  by  the  number, 

10 
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position,  and  relative  brightness  of  these  lines,  the 
chemical  constitution  of  the  vapours  by  which  the 
light  has  been  emitted.  It  follows  from  this  circum- 
stance that  spectrum  analysis  deals  pre-eminently 
with  the  investigation  of  gas  spectra,  and  that  for 
the  examination  of  a  substance  which  does  not  exist 
in  nature  in  the  form  of  gas  or  vapour,  the  first  step 
must  be  to  place  it  in  this  condition. 

Use  of  the  Bunsen  Burner. 

The  temperature  at  which  substances  are  vola- 
tilized varies  greatly  ;  while  the  heat  of  an  ordinary 
spirit  lamp  is  sufficient  for  many,  such  as  potassium 
and  sodium,  for  others,  especially  the  heavy  metals 
and  their  compounds,  the  great  heat  of  the  electric 
spark  is  requisite.  In  many  cases,  however,  the  tem- 
perature of  the  non-luminous  flame  of  the  Bunsen 
burner  is  sufficient  to  volatilize  the  substances  in- 
tended for  examination,  and  to  cause  them  to  emit  a 
light  sufficiently  intense  to  give  a  brilliant  spectrum. 

A  Bunsen  burner,  as  shown  in  Fig.  2,  is  therefore 
one  of  the  necessary  requisites  for  spectrum  in- 
vestigation. In  using  the  lamp,  the  air  is  first  shut 
off  below,  and  a  pure  continuous  spectrum  of  the 
luminous  flame  obtained  by  an  accurate  adjustment 
of  the  telescope  and  a  careful  setting  of  the  slit. 
To  prevent  flickering,  the  lower  part  of  the  flame 
is  surrounded,  as  shown  in  Fig.  52,  by  a  hollow  cone 
of  sheet  iron  ;  by  the  introduction  of  atmospheric 
air  the  flame  is  then  rendered  non-luminous,  and 
only  the  upper  very  hot  point  of  the  flame  made 
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use  of,  into  which  the  substances  to  be  tested  are 
brought  from  the  side  by  means  of  a  thin  wire  of 
platinum,  a  metal  on  which  this  temperature  has  no 
influence.  When  the  spectrum  appears,  the  focus 
of  the  telescope  must  be  adjusted  immediately,  and 
the  slit  narrowed  sufficiently  to  ensure  the  bright 
coloured  lines  being  sharply  defined.  In  the  Bunsen 
burner,  spectra  can  only  be  obtained  from  the  metals 
potassium,  sodium,  lithium,  strontium,  calcium, 
barium,  caesium,  rubidium,  copper,  manganese, 
thallium,  and  indium,  and  from  these  most  readily 
when  they  are  in  combination  with  chlorine,  in  which 
state  they  are  most  easily  volatilized.* 

*  [In  the  case  of  some  only  of  these  metals  can  the  spectrum 
of  the  metal  itself  be  obtained  by  heating  their  chlorides  in  the 
flame  of  the  Bunsen  burner. 

Some  time  ago  Roscoe  and  Clifton  investigated  the  different 
spectra  presented  by  calcium,  strontium,  and  barium,  and  they 
"  suggest  that  at  the  low  temperature  of  the  Bunsen  flame  or  a 
weak  spark,  the  spectrum  observed  is  produced  by  some  com- 
pound, probably  the  oxide  of  the  difficultly  reducible  metal ; 
whereas  at  the  enormously  high  temperature  of  the  intense  electric 
spark  these  compounds  are  split  up,  and  thus  the  true  spectrum 
of  the  metal  is  obtained.  In  none  of  the  spectra  of  the  more 
reducible  alkaline  metals  (potassium,  sodium,  lithium)  can  any 
deviation  or  disappearance  of  maxima  of  light  be  noticed  on 
change  of  temperature."  In  a  recent  paper  "  On  the  Spectra  of 
Erbia  and  some  other  Earths,"  Huggins,  after  describing  the 
bright  lines  seen  in  the  spectra  of  some  earths  when  incandescent 
in  the  oxyhydrogen  flame,  remarks  : — 

"  The  question  presents  itself  as  to  the  nature  of  the  vapour  to 
which  the  bright  lines  are  due  in  the  case  of  the  earths,  lime, 
magnesia,  strontia,  and  baryta.  Is  it  the  oxide  volatilized  ?  or  is 
it  the  vapour  of  the  metal  reduced  by  the  heat  in  the  presence 
of  the  hydrogen  of  the  flame  ?  The  experiments  show  that  the 
luminous  vapour  is  the  same  as  that  produced  by  the  exposure  of 
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The  method  of  introducing  the' substances  to  be 
examined  into  the  flame  by  means  of  a  platinum 
wire  has  this  drawback,  that  the  spectrum  is  visible 
only  for  a  very  short  time,  and  in  many  cases  the 
bright  lines  flash  out  only  to  vanish  again  imme- 
diately. In  order  to  observe  the  spectrum  for  a 
longer  time,  it  is  necessary,  therefore,  to  be  con- 
stantly introducing  new  material  into  the  flame, — a 
tedious  and  troublesome  process. 

To  overcome  this  difficulty  and  obtain  a  per- 

the  chlorides  of  the  metals  to  the  heat  of  the  Bunsen  gas-flame. 
The  character  common  to  these  spectra  of  bands  of  some  width, 
in  most  cases  gradually  shading  off  at  the  sides,  is  different  from 
that  which  distinguishes  the  spectra  of  these  metals  when  used  as 
electrodes  in  the  metallic  state.* 

*'  As  the  exjDeriments  recorded  in  this  paper  show  that  the  same 
spectra  are  produced  by  the  exposure  of  the  oxides  to  the 
oxyhydrogen  flame,  Roscoe  and  Clifton's  suggestion  that  these 
spectra  are  due  to  the  volatilization  of  the  compound  of  the 
metal  with  ox5'gen  is  doubtless  correct. 

"  The  similar  character  of  the  spectrum  of  bright  lines  seen 
Avhen  erbia  is  rendered  incandescent  would  seem  to  suggest 
whether  this  earth  may  not  be  volatile  in  a  small  degree,  as  is  the 
case  Avith  lime,  magnesia,  and  some  other  earths.  The  peculiarity, 
however,  of  the  bright  lines  of  erbia,  observed  by  Bahr  and 
Bunsen,  that  they  could  not  be  seen  in  the  flame  beyond  the 
limits  of  the  solid  erbia,  deserves  attention.  My  own  experiments 
to  detect  the  lines  in  the  Bunsen  gas-flame,  even  when  a  very  thin 
wire  was  used,  so  as  to  allow  the  erbia  to  attain  nearly  the  heat  of 
the  flame,  were  unsuccessful.  The  bright  line  in  the  green  a]3)3ears, 
indeed,  to  rise  to  a  very  small  extent  beyond  the  continuous 
spectrum,  but  I  was  unable  to  assure  myself  whether  this  appear- 
ance might  not  be  an  effect  of  irradiation. 

"  It  is  perhaps  worthy  of  remark  that  the  chlorides  of  sodium, 

*  "  For  the  spectra  of  metallic  strontium,  barium,  and  calcium,  see  Pliil. 
Trans.  1864,  p.  148,  and  Plates  I.  and  II.  Both  fonns  of  the  spectra  of  these 
substances  arc  rcj^resented  by  Thalen  in  his  '  Spektralanalys. 
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manent  spectrum,  Mitscherlich  has  devised  the 
following'  expedient.  A  solution  of  the  substance 
to  be  examined  is  introduced  into  a  small  glass 
vessel  a  (Fig.  62),  closed  at  the  top  and  bent  round 
at  the  lower  end,  which  terminates  in  a  narrow 
tube  b.  In  this  opening  is  placed  a  bundle  of  very- 
fine  platinum  wire  c,  tightly  held  together  by  a  wire 
of  platinum,  and  secured  into  the  tube  by  the  bent 
position  of  the  wires.  By  capillary  attraction,  the 
liquid  is  continually  drawn  through  the  opening  by 

potassium,  lithium,  csesium,  and  rubidium  give  spectra  of  defined 
lines  which  are  not  altered  in  character  by  the  introduction  of  a 
l^eyden  jar,  and  which,  in  the  case  of  sodium,  potassium,  and 
lithium,  we  know  to  resemble  the  spectra  obtained  when  electrodes 
of  the  metals  are  used.  Now  all  these  metals  belong  to  the 
monad  group  ;  it  appeared  therefore  interesting  to  observe  the 
behaviour  of  the  other  metal  belonging  to  this  group. 

"  Chloride  of  silver  when  introduced  into  the  Bunsen  flame 
gave  no  lines.  The  chloride  was  then  mixed  with  alumina,  which 
had  been  found  to  give  a  continuous  spectrum  only,  and  exposed 
to  the  oxyhydrogen  flame,  but  no  lines  were  visible.  When,  how- 
ever, the  moistened  chloride  was  placed  on  cotton  and  subjected  to 
the  induction  spark  without  a  jar,  the  true  metallic  spectrum  was 
seen,  as  when  silver  electrodes  are  used. 

"  The  behaviour  of  silver,  therefore,  is  similar  to  that  of  the 
other  metals  of  the  monad  group.  Now  the  difference  in  basic 
relations  which  is  known  to  exist  between  the  oxides  of  the 
monatomic  and  polyatomic  metals  would  be  in  accordance  with 
the  distinction  which  the  spectroscope  shows  to  exist  in  the 
behaviour  of  their  chlorides  ;  the  chlorides  of  the  polyatomic 
metals  would  be  more  likely  to  split  up  in  the  presence  of  water 
into  oxides  and  hydrochloric  acid. 

"  In  the  case  of  some  of  the  oxides  and  chlorides,  one  or  more 
of  the  lines  appeared  to  agree  with  corresponding  lines  in  the 
metallic  spectra ;  it  may  be,  therefore,  that  under  some  circum- 
stances, as  in  the  case  of  magnesium  burning  in  air,  the  metallic 
vapour  and  the  volatilized  oxide  may  be  simultaneously  present."] 
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the  platinum  wick  to  the  place  of  volatilization.  A 
series  of  such  tubes  may  be  ranged  round  the  cir- 
cumference of  a  revolving  table  d  (Fig.  63),  so  that 
the  platinum  wick  of  any  one  of  them  can  be  brought 
at  will  into  the  flame  of  the  Bunsen  burner  h,  placed 
near  the  edge  of  the  table.  An  addition  of  acetate 
of  ammonia  to  the  solution  assists  the  capillary 
action  of  the  platinum  wick,  which  when  rightly 
placed  in  the  flame  allows  of  the  spectrum  being 
continuously  observed  for  nearly  two  hours. 

Not  less  complete,  and  more  generally  applicable, 
is  the  followino-  contrivance  bv  Morton,  of  Phila- 

Fig.  62. 


Mitscherlich's  Spectrum  Wick. 

delphia,  which,  intended  principally  for  the  produc- 
tion of  vionochroviatic  (homogeneous)  light  on  a  large 
scale,  is  also  employed  in  spectrum  researches  for 
bringing  a  continuous  supply  of  greater  quantities 
of  the  substances  to  be  examined  into  the  Bunsen 
flame.  The  apparatus  consists  of  four  or  five  or- 
dinary non-luminous  Bunsen  lamps  A  B  (Fig.  64), 
fixed  into  one  commoi  gas  tube  D,  and  enclosed 
below,  where  the  supply  of  air  is  received,  by  a  cover- 
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ine  of  tin  C  D.  At  one  side  of  this  case  is  a  wide 
opening  C,  through  which  the  point  F  of  a  dis- 
perser  E  supplies  a  stream  of  vapour  by  the  heat  of  a 
spirit  lamp,  or  else  a  stream  of  air  is  driven  through 
the  tube  F,  by  means  of  bellows  or  an  Indian  rubber 
ball,  in  the  manner  of  an  ordinary  spray  apparatus. 
Close  under  the  orifice  of  the  pointed  tube  F  is  a 
glass  tube  which  reaches  down  into  a  glass  vessel  con- 
taining a  solution  of  the  substance  to  be  examined. 


Fig.  63. 


Mitscherlich's  Apparatus  for  Permanent  bpectra. 


The  stream  of  air  or  vapour  forces  some  of  the 
liquid  in  the  vessel  G  up  the  vertical  glass  tube, 
and  disperses  it ;  the  fine  particles,  mixed  with  a 
sufficient  quantity  of  atmospheric  air,  are  driven 
forcibly  through  the  orifice  C  into  the  tin  case, 
where  they  are  mingled  with  the  coal  gas  and  are 
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volatilized  at  the  mouth  of  the  burners.  By  this 
inethod  Morton  has  produced  monochromatic  light  of 
various  kinds  on  a  large  scale,  especially  the  yellow 
light  of  sodium,  by  the  use  of  a  solution  of  common 
salt,  which  with  a  suitable  disposition  of  sixty  such 
sets  of  burners  he  employed  for  the  production  of 
magic  effects  on  the  stage. 

Application  of  the  Induction  Coil. 

When  the  heat  of  the  Bunsen  burner  is  not  suf- 
ficient to  volatilize  the  substance  to  be  investigated, 
.recourse  must  be  had  to  those  sources  of  still 

Fig.  64. 


Morton's  Apparatus  for  Monochromatic  Liglit. 

greater  heat  that  have  been  already  described  (oxy- 
hydrogen  flame,  p.  23,  the  voltaic  arc,  p.  39,  the  in- 
duction coil,  p.  33),  among  which  the  induction  coil 
deserves  the  preference  on  account  of  its  greater 
facility  of  management.  The  apparatus  is  em- 
ployed in  the  usual  manner  by  moistening  the  ends 
of  the  platinum  wires,  between  which  the  spark 
passes,  with  the  substance  to  be  investigated,  and 
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examining  the  spectrum  of  the  spark,  or,  when 
this  heat  is  insufficient,  by  intensifying  the  spark 
through  the  interposition  of  a  special  condensing 

apparatus  (p.  33)- 

In  general,  however,  the  effect  of  this  method  is 
to  produce  two  different  spectra,  which  are  super- 
posed, one  of  the  gas  in  which  the  spark  passes, 
and  the  other  of  the  metal  forming  the  poles.  If 
electrodes  of  different  metals  be  employed,  and  the 
spark  be  allowed  to  pass  always  through  the  same 
gas,  the  spectrum  of  the  luminous  gas  appears  as  if 
it  were  a  background  upon  which  the  more  intense 
spectra  of  the  metals  are  well  relieved. 

The  way  in  which  a  Leyden  jar  is  interposed  for 
intensifying  the  spark  is  easily  understood  by  re- 
ference to  Fig.  65.  M  is  the  end  of  the  induction 
coil,  which  to  ensure  a  discharge  of  some  intensity 
is  supplied  w^ith  electricity  from  a  powerful  Bunsen 
battery  of  from  six  to  eight  elements  (Fig.  13). 
The  extremities  of  the  coil  are  fastened  into  the  in- 
sulated binding  screws  i  and  2.  From  the  first 
(i)  of  these  pass  two  wires,  one  (4)  to  the  binding 
screw  and  the  other  to  the  knob  K,  in  connection 
with  the  inner  coating  of  the  intensifying  jar  R  ; 
from  the  second  (2)  also  pass  two  wires,  one  to  the 
binding  screw  a,  and  the  other  (3)  to  O,  where 
it  is  connected  by  means  of  the  copper  disk  T  with 
the  outer  coating  of  R.  B  and  D  are  wire  holders 
for  the  reception  of  the  metals,^  the  spectra  of  which 
are  to  be  examined,  or  for  the  insertion  when  neces- 
sary of  platinum  wii'^s,  the  ends  of  which  may  be 
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smeared  with  the  substances  to  be  investigated. 
The  upper  metallic  arm  a  is,  insulated  from  the 
lower  arm  d  D  by  the  intervening  piece  of  ebonite, 
so  that  the  equalization  of  the  opposite  electricities 
accumulated  in  i  and  2  can  take  place  only  through 
the  wires  B  and  D  at  i,  and  the  spark  can  only 
pass  when  the  quantity  of  electricity  accumu- 
lated in  the  jar  R  is  of  such  an  intensity  as  to 


intensifying  the  Electric  Discharge  by  a  Leyden  Jar. 


enable  the  discharge  to  break  through  the  stratum 
of  air  between  the  wires  B  and  D.  Sparks  pro- 
duced in  this  way  are  shorter  than  those  not  inten- 
sified, but  far  more  powerful ;  they  are  very  bright, 
and  of  so  intense  a  heat  that  all  metals  may  be 
raised  to  incandescence  in  them  and  volatilized  ; 
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the  spectra  thus  obtained  are  unfortunately  not 
steadily  visible,  for  owing  to  the  discontinuous 
action  of  the  machine,  they  flash  out  momentarily 
with  every  fresh  spark,  and  by  their  inconstant  light 
interrupt  investigation.* 

Browning  has  much  improved  and  simplified  this 
method  of  introducing  a  Leyden  jar  into  the  current 
of  an  induction  coil  by  substituting  plates  of  ebonite 


Fig.  66. 


Browning's  Intensilyuig  Apparatus. 


for  the  glass  jar.  When  these  are  coated  on  both 
sides  with  tinfoil,  they  act  like  a  Leyden  jar.  Brown- 
ing places  from  four  to  six  of  such  plates  in  layers 
entirely  insulated  one  from  another,  enclosed  in  a 
case  A,  seen  in  Fig.  66.    By  a  simple  mechanical 

*  [The  difficulty  is  easily  removed  by  such  an  arrangement  of 
the  power  of  the  coil  relatively  to  the  size  of  the  jars,  that  the  dis- 
charges succeed  each  other  with  a  rapidity  sufficient  to  produce  a 
persistent  impression  on  the  eye.] 
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contrivance  inside  the  box  one  or  more  of  these 
intensifying  plates  can  be  used  as  required.  The 
brass  rod  B,  with  the  two  ebonite  holders  C,  D  for 
wire  or  glass,  is  screwed  on  to  the  lid  of  the  case, 
and  is  placed  within  the  box. when  the  condenser  is 
not  in  requisition.  The  substances  to  be  investi- 
gated, or  the  metal  wires,  are  inserted  between  the 
platinum  forceps  3  and  4,  from  the  binding  screws  of 
which  the  conducting  wires  i,  2  lead  to  the  poles 
X,  y  of  the  ebonite  plates  projecting  from  the  box. 
The  whole  apparatus  is  by  means  of  the  same 
binding  screws  placed  in  connection  with  the  wires 
(i,  2,  Fig.  65)  of  the  induction  machine.  The 
ebonite  holder  D  is  fitted  for  the  reception  of  glass 
tubes  or  other  vessels  provided  with  conducting 
wires — the  details  of  which  will  be  given  hereafter, 
— and  by  the  help  of  a  spring,  of  Geissler's  tubes, 
so  that  the  spectrum  of  the  substances  they  con- 
tain, whether  in  a  liquid  or  gaseous  condition,  may 
be  brought  under  examination. 

The  first  successful  contrivance  for  the  exami- 
nation of  the  spectra  of  liquids,  and  of  substances 
in  a  state  of  solution,  is  due  to  Seguin,  of  Grenoble, 
whose  plan  has  been  greatly  extended  and  very 
variously  applied  by  Becquerel.  The  contrivance, 
as  arranged  by  Ruhmkorff  and  Browning,  for  con- 
venient use,  consists  of  several  glass  vessels,  b,  b„  b^, 
(Fig.  67),  five  or  six  inches  in  height,  and  rather 
more  than  an  inch  in  width,  inserted  in  the  small 
table  A  B  ;  these  vessels  are  fused  at  one  end, 
while  at  the  other  thev  are  closed  by  corks.  A 
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platinum  wire  fused  into  the  lower  end  of  the 
vessels,  and  projecting  into  the  inside,  places 
the  liquids  they  contain  in  connection  with  the 
negative  pole  of  the  induction  coil,  while  a  second 
platinum  wire,  fused  into  the  narrow  glass  tubes 


The  Becquerel-Ruhmkorff  Apparatus. 


projecting  one-twentieth  of  an  inch  from  the  small 
tubes,  remains  some  tenth  of  an  inch  distant  from 
the  surface  of  the  liquids.  By  connecting  the  binding 
screws  1,2  on  one  side  with  the  inductor,  and  on  the 
other  side,  as  shown  in  the  figure,  with  the  platinum 
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wire  b  of  the  first  vesrel,  and  of  the  last  vessel, 
and  by  placing  the  other  wires  in  connection,  a  with 
/^i,  with  b^_,  etc.,  the  electric  current  may  be  made 
to  pass  through  all  the  liquids,  and  by  the  passage 
of  the  spark  between  the  upper  platinum  wires  a^, 
a^,  and  the  liquids,  the  substances  in  solution  may 
be  volatilized  in  the  heat,  and  their  various  spectra 
obtained  at  the  same  time. 

When  the  action  of  the  induction  coil  is  so  reeu- 
lated  that  the  interruption  of  the  current  and  con- 
sequent passage  of  the  spark  takes  place  in  rapid 
succession,  the  spectrum  remains  almost  perfectly 
free  from  disturbance,  and  the  apparatus  works  for 
hours  together  like  an  intense  heat-lamp  constantly 
fed  with  the  substances  to  be  investigated.  As,  how- 
ever, by  the  rapid  succession  of  sparks  the  liquids  in 
the  smaller  glass  tubes  often  become  considerably 
heated,  wider  tubes  should  be  employed  when  the 
apparatus  is  to  be  used  for  many  consecutive  hours. 

For  these  experiments,  solutions  of  the  various 
metallic  compounds  of  chlorine  in  pure  water  are 
the  most  suitable ;  when  in  a  concentrated  form 
they  produce  spectra  of  great  intensity,  but  weak 
solutions  will  give  spectra  that  are  easily  to  be 
recognized.  The  spark  is  coloured  more  or  less 
intensely  according  to  the  nature  of  the  metal  held 
in  solution.  The  following  metals  give  great  bril- 
liancy to  it :  chloride  of  sodium  (yellow) ;  chloride 
of  strontium  (red) ;  chloride  of  calcium  (orange) ; 
chloride  of  magnesium  (green)  ;  chloride  of  copper 
(greenish-blue) ;  chloride  of  zinc  (blue) ;  but  various 
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Other  compounds  of  barium,  potassium,  antimony, 
manganese,  silver,  uranium,  iron,  etc.,  give  also 
very  remarkable  colourings,  and  corresponding 
characteristic  spectra.  It  is  one  advantage  of  this 
method  of  investigation,  that  the  spark  from  pla- 
tinum wires  produces  no  direct  spectrum  of  platinum, 
inasmuch  as  the  heat  is  not  sufficiently  great  to 
volatilize  this  metal  completely. 

For  the  investigation  of  the  spectra  of  gases, 
either  Pliicker's  tubes  (Fig.  12)  may  be  employed, 
for  which  besides  the  glass  tubes  provided  with 
platinum  or  aluminium  wires,  a  special  quicksilver 

c 

air-pump  is  requisite;  or  Angstrom's  plan  may  be 
adopted,  in  which  the  electric  discharge  from  a 
Leyden  jar  or  induction  machine  is  allowed  to  pass 
between  two  points  of  one  and  the  same  metal 
enclosed  in  glass  tubes,  which  are  filled  with  the 
gases  to  be  examined.  In  the  first  case,  the  tube 
R,  filled  with  highly  rarefied  gas,  is  placed  within 
the  spring  clamp  B,  lined  with  cork,  and  movable 
upon  the  stand  A  (Fig.  68),  which  at  the  same  time 
revolves  upon  its  horizontal  axis,  and  therefore 
serves  to  place  the  tubes  vertically  or  horizontally, 
as  may  be  required  ;  when  the  electric  discharge 
passes  through  the  tube,  the  enclosed  gas  becomes 
luminous,  and  shines  in  the  narrow  part  of  the 
tube  with  an  intense  light ;  it  is  only  necessary 
then  to  bring  the  slit  of  the  spectroscope  as  near 
as  possible  to  the  tube  in  a  position  parallel  to 
its  length,  to  recognize  at  once  a  distinct  spec- 
trum of  the  gas.    In  the  other  plan,  where  the 
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Spark  passes  between  two  points  of  metal  in  the 
gas  to  be  investigated,  the  gas  or  metal  spectrum 
is  more  or  less  brilliant  according  to  the  distance 
of  the  points  one  from  the  other;  the  spectrum  of 
the  gas  should  therefore  be  observed  in  the  middle 
between  the  metal  points,  where  it  is  most  dis- 


FiG.  68. 


Stand  for  Pliicker's  Tubes. 


tinctly  marked  and  most  easily  distinguished  from 
the  discontinuous  spectrum  of  the  metal.* 

*  [A  convenient  method  of  observing  the  spectra  of  gases  at 
the  atmospheric  pressure  is  to  cause  the  induction  spark  to  pass 
between  wires  sealed  in  a  glass  tube  which  is  draw  n  into  an  open 
capillary  point  at  one  end,  and  at  the  other  is  connected  with  the 
vessel  in  which  the  gas  is  slowly  produced.  The  glass  tube  should 
be  cut  away  in  front  of  the  wires,  the  edges  ground  flat,  and  a 
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31,  Influence  of  Temperature  and  Density 
ON  the  Spectra  of  Gases. 

Bunsen  and  Kirchhoff  have  proved  that  the  de- 
cree of  heat  of  the  flame  in  which  a  substance  is 
volatiHzed  and  made  luminous  has  no  influence  on 
the  position  of  the  coloured  lines  of  the  spectrum, 
but  that  it  affects  considerably  their  number  and 
brightness.  As  the  brightness  increases  with  the 
temperature  of  the  flame,  it  often  happens  that 
bright  lines  will  appear  in  the  spectrum  of  the  same 
substance  at  a  high  degree  of  heat  which  were 
scarcely  to  be  seen,  or  indeed  were  invisible,  at  a 
lower  temperature.  The  spectrum  of  thallium,  a 
metal  recently  discovered  by  spectrum  analysis, 
consists  of  a  single  bright  green  line  when  vola- 
tilized in  a  Bunsen  burner  ;  but  if  the  electric  spark 
be  allowed  to  pass  between  two  thallium  wires, 
many  other  lines  become  visible  at  the  far  higher 
temperature  of  the  spark,  among  them  a  set  of 
violet-coloured  bands  at  some  distance  from  the 
bright  green  line.  Lithium  in  a  moderate  tem- 
perature gives  only  the  one  magnificent  red  line 
already  alluded  to  ;  at  a  higher  temperature  a  faint 
orange  line  makes  its  appearance,  and  at  the  ex- 
small  plate  of  glass  held  air-tight  over  the  opening  by  elastic 
bands,  an  arrangement  which  permits  of  any  deposit  on  the 
inside  of  the  tube  being  easily  removed.  By  this  method  fresh 
portions  of  gas  are  constantly  exposed  to  the  spark,  which  is  of 
importance  when  some  compound  gases  are  under  examination, 
and  some  sources  of  impurity,  which  are  possible  when  the  gas  is 
collected,  are  avoided.] 
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treme  heat  of  the  voltaic  arc  Tyndall  was  the  first 
to  notice,  during  a  lecture  at  the  Royal  Institution, 
the  further  addition  of  a  bright  blue  band.  The 
principal  red  line  (Ka)  of  potassium  can  be  made 
to  appear  and  disappear  according  as  the  tem- 
perature is  increased  or  diminished.  By  the  use  of 
an  ordinary  Bunsen  burner  producing  a  moderately 
high  temperature,  this  line  is  always  apparent  in 
the  spectrum  of  potassium  ;  but  if  the  temperature 
be  raised  by  the  use  of  bellows  it  immediately 
disappears.*  If  a  few  grains  of  common  salt  be 
dropped  into  the  flame  of  a  Bunsen  burner,  there 
is  emitted  an  intense  light  of  one  colour,  producing 
a  spectrum  of  one  single  yellow  line.  If  the  tem- 
perature of  the  flame  be  raised  b}^  a  further  supply 
of  oxygen,  the  brilliancy  of  this  line  is  immediately 
augmented,  and  the  number  of  coloured  lines 
so  much  increased  as  to  approach  somewhat  to  a 
continuous  spectrum. f    If  Debrai's  heating  appa- 

*  [The  red  line  is  present  with  the  intense  heat  of  the  induction 
spark,  and  is  double.  In  addition,  Huggins  observed  about  sixteen 
lines,  which  are  marked  in  his  maps,  when  the  induction  spark  was 
taken  between  electrodes  of  metallic  potassium.  When  metallic 
lithium  was  employed,  only  one  line  of  moderate  intensity  was 
=;een  in  addition  to  the  three  strong  lines  which  distinguish  this 
substance.] 

t  [In  1863  Huggins  observed  that  when  an  induction  spark  is 
passed  between  electrodes  of  sodium,  in  addition  to  the  well-known 
double  line,  three  other  pairs  of  lines  and  a  nebulous  band  make 
their  appearance  in  the  spectrum.  The  two  more  prominent  of 
these  are  not  far  from  air  lines,  and  with  an  instrument  of  in- 
sufficient dispersive  power  might  easily  be  confounded  witli  them. 
He  showed  that  these  lines  really  belong  to  sodium,  and  not  to 
accidental  impurities. 
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ratus  be  made  use  of,  and  the  sodium  vapour 
raised  to  the  temperature  of  2500°  C.  (4532°  Fahr.), 
the  brieht  lines  become  so  numerous  that  the  dif- 
ferent  colours  run  one  into  the  other,  and  produce 
a  continuous  spectrum.  The  former  yellow  sodium 
flame  has  become  white,  and  contains  rays  of  every 
degree  of  refrangibility. 

Pliicker  and  Hittorf  obtained  similar  results  in 
their  researches  on  the  spectra  of  luminous  gases 
and  vapours,  whereby  they  proved  the  existence 
of  two  different  spectra  (of  the  first  and  the  second 
order)  in  hydrogen,  nitrogen,  oxygen,  phosphorus, 
sulphur,  selenium,  etc.  The  spectrum  of  the  first 
order  is  a  continuous  one,  with  shaded  bands ;  that 
of  the  second  order  consists  of  narrow  bright  lines 
on  a  dark  background :  the  former  appears  with 
an  electric  discharge  of  moderate  tension,  while 
the  latter  belongs  to  a  high  temperature,  such  as 
can  be  produced  in  Geissler's  tubes  by  the  electric 
spark  at  a  high  tension. 

There  is  also  at  least  one  bright  line  between  the  well-known 
lines  coincident  with  D.  He  describes  his  comparison  of  this 
spectrum  of  sodium  with  the  solar  spectrum  thus  : — 

"  So  numerous  are  the  fine  lines  of  the  solar  spectrum,  and  so 
difficult  is  it  to  be  certain  of  absolute  coincidence,  that  I  hesitate 
to  say  more  than  that  the  pair  of  lines  818  and  82 1  (of  the  scale  of 
the  maps  in  Phil.  Trans.,  1864)  appeared  to  agree  in  position  with 
Kirchhoff's  lines  864-1  and  867-1 ;  and  of  the  pair  1169  and  11 74, 
one  appears  to  coincide  with  a  line  sharply  seen  in  the  solar  spec- 
trum, but  not  marked  in  Kirchhoff's  map,  which  would  be  about 
1 1 50-2  of  his  scale,  and  the  other  with  Kirchhoff's  line  1154-2. 
The  other  pair  and  the  nebulous  band  are  too  faint  to  admit  of 
satisfactory  comparison  with  solar  lines."] 
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Still,  however,  in  some  cases  where  the  same  kind 
of  electric  discharge  is  employed,  different  spectra 
are  obtained  according  to  the  degree  of  density 
given  to  the  gas  enclosed  in  the  tubes.  Wlillner 
has  followed  out  these  investigations  with  hydrogen, 
oxygen,  and  nitrogen,  and  obtained,  according  to 
their  degree  of  density,  from  two  to  four  spectra  for 
each  of  these  gases. 

The  following  remarkable  phenomena  are  ex- 
hibited by  hydrogen  with  the  use  of  one  of  Ruhm- 
korff's  large  induction  machines,  set  in  action  by  a 
battery  of  six  of  Grove's  elements,  and  with  the 
occasional  introduction  of  a  Leyden  jar  (Fig.  65). 
When  the  pressure  to  which  the  gas  is  subjected  is 
much  less  than  one-twentieth  of  an  inch  of  mercur}^ 
the  spectrum  is  discontinuous,  consisting  of  six 
groups  of  extremely  bright  lines  in  the  green.  When 
the  density  of  the  gas  increases,  there  appears  tem- 
porarily, by  the  use  of  a  simple  induction  current 
not  too  strong,  a  speciruvi  of  bands,  I.  order  (Fig.  69, 
No.  i),  which  however,  on  the  pressure  of  the  gas 
amounting  to  one-twentieth  of  an  inch,  soon  changes 
into  the  spectrum  of  lines  designated  by  Pliicker  as 
II.  order  (Fig.  69,  No.  2),  and  consisting  of  the 
three  lines  H  a  (vivid  red),  H  /3  (bright  green-blue) 
and  H  7  (blue- violet,  and  fainter  than  the  others). 
(Compare  Frontispiece  No.  7.)*  When  the  pressure 
on  the  gas  exceeds  that  of  one-tenth  of  an  inch,  a 

o 

*  A  fourth  line,  H  8  (violet),  was  discovered  by  Angstrom  in  this 
spectrum,  which  corresponds  with  the  dark  line  in  the  solar  spectrum 
marked  //. 
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bright  light  appears  in  the  red  and  in  two  places 
in  the  green,  and  with  an  increase  of  pressure  the 
spectrum  assumes  more  and  more  the  character  of  a 
spectrum  of  bands  (I.  order)  extending  from  orange 
to  blue,  but  still  crossed  by  a  series  of  bright  lines 
between  H  a  and  H  jS.  Up  to  a  pressure  of  eight 
inches  this  spectrum  retains  its  full  brilliancy,  but  as 
the  pressure  increases  to  sixteen  inches  it  gradually 
loses  in  intensity,  without  its   general  character 
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Spectra  of  the  various  Orders. 

being  essentially  altered,  excepting  that  the  indi- 
vidual lines,  as  was  observed  by  Pliicker,  begin  to 
widen. 

If  the  pressure  be  still  further  increased,  the  spec- 
trum becomes  brighter  again,  the  yellow  and  the 
orange  gradually  reappear,  the  line  H  a  remains 
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Still  very  bright,  but  is  somewhat  indistinct  at  the 
edges.  From  this  line,  however,  a  completely  con- 
tinuous spectrum  without  bands  extends  from  the 
orange  to  the  violet,  and  is  brightest  where  the  line 
H  /3  was  situated.  With  a  further  increase  of  den- 
sity the  brightness  of  the  spectrum  is  throughout 
much  increased ;  under  a  pressure  of  twenty-nine 
inches,  there  is  still  a  faint  maximum  of  light  per- 
ceptible at  the  spot  H  a,  which  at  a  pressure  of 
thirty-nine  inches  almost  ceases  to  be  visible. 

The  spectrum  is  then  completely  continuous  betujcoi 
H  a  a7id  H  /3,  like  that  of  an  incandescent  solid 
body,  only  the  brightness  is  somewhat  differently 
distributed.  The  temperature  of  the  tube  is  now 
raised  so  high  by  the  heat  of  the  gas  that  the 
sodium  line  appears  as  a  bright  orange  line,  which 
is  occasioned  by  the  vapour  of  sodium  given  out  by 
the  glass.  AVith  a  pressure  of  forty-eight  inches 
the  whole  of  the  continuous  spectrum  is  really 
dazzling ;  and  even  under  a  pressure  of  fifty-two 
inches  the  electric  discharge  from  the  jar  may  still 
be  passed  through  the  tube,  though  it  now  takes 
place  only  by  flashes. 

The  changes,  therefore,  through  which  the  spec- 
trum of  hydrogen  gas  successively  passes  when  the 
density  of  the  gas  is  gradually  increased  from  the 
minimum  up  to  the  maximum  pressure  at  which 
the  induction  current  ceases  to  pass  are  as  follows  : 
r,  the  spectrum  of  six  lines  in  the  green;  2,  the 
temporary  spectrum  of  bands  (I.  order);  3,  the 
spectrum  of  three  lines  (II.  order);  4,  the  more  per- 
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manent  and  complete  spectrum  of  bands  (I.  order) ; 
5,  the  pure  continuous  spectrum. 

That  the  shaded  spectrum  of  bands  (Fig.  69, 
No.  i)  differs  essentially  from  the  unshaded  continu- 
ous spectrum,  is  shown  by  Wiillner's  observations 
with  the  Leyden  jar.  When  the  condenser  was 
introduced  the  shaded  spectrum  was  not  visible,  but 
by  an  increase  of  pressure  the  spectrum  of  the  three 
lines,  H  a,  H  /3,  H  7,  passed  at  once  by  a  widening 
of  the  lines  into  the  unshaded  continuous  spectrum ; 
it  is  therefore  incorrect  to  describe,  as  is  often  done, 
a  spectrum  of  bands  as  a  continuous  spectrum  of 
I.  order,  and  also  to  speak  of  two  distinct  continu- 
ous spectra. 

Oxygen  exhibits  nearly  the  same  phenomena. 
Under  slight  pressure  there  first  appears  a  spec- 
trum of  bands ;  as  the  pressure  increases,  this 
spectrum  gives  place  to  what  Pliicker  has  desig- 
nated a  spectrum  of  lines,  which  loses  in  brilliancy 
as  the  density  of  the  gas  increases,  till  at  a  pressure 
of  eight  inches  it  is  scarcely  visible.  The  bright- 
ness then  augments,  and  at  the  same  time  there 
appears  as  a  background  an  unshaded  pure  con- 
tinuous spectrum,  which  becomes  so  brilliant  in  the 
red  and  yellow  as  to  incorporate  with  itself  the  lines 
of  the  other  spectrum,  which  are  no  longer  distin- 
guished by  their  greater  brightness. 

In  nitrogen,  the  change  from  the  spectrum  of 
bands  (I.  order)  to  the  pure  continuous  spectrum  is 
very  distinctly  marked,  since  at  a  certain  density  of 
the  gas  the  spectrum  of  bands  I.  order  (Fig.  69, 
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No.  3)  disappears,  and  is  replaced  by  the  spectrum 
of  lines  II.  order  upon  a  dark  background ;  it  is  not 
till  afterwards  that  the  background  becomes  quite 
continuous  and  luminous. 

If  it  be  conclusively  established  by  these  inves- 
tigations of  Wiillner  that  the  various  spectra  of 
a  gas  are  dependent  upon  its  density,  and  that 
the  continuous  spectrum  is  formed  at  the  greatest 
density  and  with  the  strongest  induction  current 
that  can  be  made  to  pass,  yet  the  answer  to 
the  question  as  to  the  dependence  of  these  spectra 
upon  the  temperature  of  the  gas  is  still  left  to 
conjecture,  since  the  connection  between  the  kind 
of  electric  current  and  the  temperature  of  the 
spark  or  of  the  glowing  gas  has  not  yet  been 
ascertained.  Everything,  however,  seems  to  point 
to  the  conclusion  that  the  spectrum  of  bands 
(I.  order)  is  characteristic  of  the  lowest  temperature 
— a  conclusion  which  seems  to  be  borne  out  first  of 
all  by  the  early  observation  of  Pliicker  and  Hittorf, 
who  always  obtained  a  spectrum  of  bands  with  a 
simple  induction  current,  but  a  spectrum  of  lines 
when  a  condenser  was  introduced ;  and  secondly 
by  the  observations  made  by  Wiillner  on  a  great 
variety  of  gases.  The  spectrum  of  lines  (II.  order) 
is  the  result  of  a  higher  degree  of  heat,  the  con- 
tinuous spectrum  that  of  the  highest  temperature. 
The  spectrum  of  six  lines  occurs  at  the  minimum 
pressure,  under  a  similar  condition  of  the  electric 
discharge  (by  flashes  or  impulses)  that  took  place 
with  the  maximum  pressure ;  the  temperature  of 
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the  gas  producing-  this  spectrum  is  therefore  in 
all  cases  higher  than  that  by  which  a  spectrum  of 
bands  is  produced. 

In  conformity  with  this  view,  that  the  continuous 
spectrum  appears  only  with  the  highest  tempera- 
tures, such  as  are  requisite  to  render  luminous 
gas  of  great  density,  is  the  fact  discovered  by 
Frankland,  that  as  the  yellow  sodium  flame  be- 
comes white  when  burning  in  a  stream  of  oxygen, 
and  then  emits  rays  of  every  refrangibility,  so  also 
does  the  flame  of  hydrogen,  usually  so  little 
luminous,  become  a  white  luminous  flame  in  com- 
pressed oxygen  gas  by  an  increase  of  temperature, 
when  it  emits  a  continuous  spectrum. 

The  doubt  still  left  by  these  investigations  as  to 
whether  the  difference  in  the  spectra  of  hydrogen 
is  to  be  ascribed  mainly  to  the  influence  of  pressure 
or  to  the  temperature  conditional  on  that  pressure, 
must  first  be  settled  before  it  can  be  determined 
from  the  appearance  of  one  or  other  spectrum  what 
the  amount  of  pressure  is  to  which  the  gas  is  sub- 
jected, and  this  is  rendered  the  more  necessary  by 
the  investigations  lately  undertaken  by  Secchi  con- 
cerning the  various  spectra  of  hydrogen,  nitrogen, 
bromium,  and  chlorine. 

Secchi  sent  the  electric  spark  from  an  ordinary 
friction  machine,  through  a  tube  filled  with  rarefied 
nitrogen,  the  tube  being  so  constructed  as  to  con- 
sist of  three  lengths  of  tubes  of  various  calibres, 
the  first  portion  a  capillary  tube,  the  second  part 
one-eighth  of  an  inch  in  diameter,  and  the  third 
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about  three-tenths  of  an  inch.  When  the  conductor 
was  placed  in  connection  with  one  of  the  platinum 
wires  from  the  tube,  while  the  other  wire  com- 
municated   with    the    friction  cushion,  there  was 
seen  in  the  capillary  tube  only  the  spectrum  of 
I.  order,  consisting  of  narrow  connected  stripes 
or  bands,  giving  the  appearance  of  grooves  (Fig. 
69,  No.  3).    When,  on  the  contrary,  one   of  the 
platinum  wires  was  connected  with  a  metal  knob, 
and  a  spark  allowed  to  pass,  while  the  other  wire 
conducted  to  the  earth,  the  spectrum  changed  ac- 
cording to  the  length  of  the  spark.  When  the  spark 
reached  the  length  of  three-quarters  of  an  inch,  the 
capillary  tube  shone  with  a  green  light,  and  gave  a 
spectrum  of  lines,  or  that  of  II.  order,  while  the 
wider  portions  of  the  tube  gave  a  spectrum  of  bands 
of  I.  order.    With  a  sufficient  length  of  spark,  there- 
fore, three  varieties  of  spectra  may  be  seen  at  the 
same  time ;  in  the  narrowest  part  of  the  tube  the 
spectrum  of  II.  order  with  bright  lines  appears, 
and  in  the  two  wider  parts  of  the  tube  are  to  be 
seen  spectra  of  bands  or  stripes.    One  of  these 
latter  spectra  is  that  described  by  Pliicker  as  con- 
sisting of  fine  groove-like  bands,  and  the  other  is 
composed  of  wider  bands,  which  are  so  spread  out 
that  three  of  them  are  equal  to  eight  of  the  former. 
The  same  phenomena  occur  if  instead  of  an  elec- 
trical machine  a  powerful  induction  coil  be  used, 
and  a  condenser  introduced  into  the  current. 

Similar  results  were  obtained  from  bromine, 
chlorine,  and  hydrogen,  which  prove  that  in  different 
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cdions  of  the  same  tube  filled  zvith  gas  of  the  same 
density,  spectra  of  the  various  orders  may  be  obtained  at 
the  same  time. 

Now  the  influence  of  the  diameter  of  the  tube 
upon  the  temperature  of  the  enclosed  gas  is  the 
same,  no  doubt,  as  that  which  occurs  in  the  metal 
wires,  in  which  it  has  been  established  that  the 
heat  increases  in  an  inverse  ratio  to  the  square  of 
the  diameter.  It  therefore  follows  that  the  tempe- 
rature of  the  gas  is  greatest  in  the  capillary  part  of 
the  tube,  and  that  under  an  equal  pressure  of  the  gas 
the  spectrum  of  bands  (I.  order)  corresponds  to  a 
lower  temperature  than  the  spectrum  of  lines  (II. 
order). 

The  temperatures  at  which  these  spectra  of  the 
various  orders  are  produced  are  not  the  same  for 
all  gases.  In  a  tube  containing  both  nitrogen  and 
aqueous  vapour,  the  lines  of  hydrogen  (spectrum  II. 
order)  made  their  appearance  at  the  same  time  as 
the  spectrum  of  bands  I.  order  of  nitrogen,  whence 
it  follows  that  the  lines  of  hydrogen  are  visible  in  a 
temperature  in  which  the  lines  of  nitrogen  do  not 
appear. 

32.  Influence  of  the  Temperature  of  Gases  on 
THE  Width  of  the  Lines  of  the  Spectrum. 

The  width  of  the  lines  of  the  spectrum  de- 
pends in  general  upon  the  width  of  the  slit  of  the 
spectroscope ;  by  widening  the  slit  these  lines  also 
widen,  without  their  brilliancy  being  affected.  This 
width,  as  a  rule,  is  not  less  than  that  of  the  slit,  but 
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lines  wider  than  the  slit  are  often  observed.  An 
exception  to  this  rule  is  found  in  some  lines  in  the 
spectra  of  gases  when  they  have  been  produced  at 
different  temperatures.  The  spectrum  of  hydrogen 
occupies  so  important  a  place  in  the  investigations 
of  the  physical  constitution  of  the  sun  and  other 
heavenly  bodies,  that  it  will  be  desirable  here  to 
mention  the  facts  which  relate  to  the  widening  and 
contracting  of  the  three  characteristic  lines. 

Pliicker  and  Hittorf  were  the  first  to  observe  that 
in  a  narrow  tube  filled  with  hydrogen  the  three 
characteristic  lines  Ha,  H jS,  H  y  (Frontispiece 
No.  7)  appeared  at  a  certain  degree  of  rarefaction. 
By  raising  the  temperature  of  the  tube  by  the 
introduction  of  a  Leyden  jar,  or  other  means  of 
intensifying  the  electric  discharge,  an  increase  of 
the  width  of  the  line  H  y,  towards  both  ends  of  the 
spectrum,  is  first  apparent,  then  a  widening  of  the 
line  H  /3,  while  H  a  remains  almost  unchanged  till 
H  7  has  passed  into  an  undefined,  broad  violet  band, 
and  H  /3  has,  with  diminished  intensity,  become 
extended  in  both  directions.  With  a  pressure  of 
2\  inches,  the  spectrum  of  lines  has  already  passed 
into  a  continuous  spectrum ;  and  under  a  pressure 
of  1 4;  inches  the  intensity  of  the  spectrum  has  so 
much  increased  that  the  red  line  H  a,  now  widened 
into  a  band,  is  scarcely  distinguishable  from  the 
rest  of  the  spectrum. 

When  the  gas  is  highly  rarefied,  the  line  H  a  is 
the  first  to  disappear,  while  H/3  is  still  distinctly 
visible. 
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These  observations  upon  pressure  have  been 
confirmed  by  WuHner  as  follows  :  under  a  pressure 
of  ^  of  an  inch  the  spectrum  of  hydrogen  con- 
sists of  the  three  lines;  with  a  pressure  of  inch, 
the  line  H  -y  is  considerably  increased  in  width, 
H 13  less  so,  while  H  a  remains  unchanged.  When 
the  pressure  is  increased  to  18  inches,  the  lines 
H  -y  and  H  jS  have  so  far  expanded  that  continuous 
bands  of  colour  appear  in  their  places,  and  H  a  is 
visible  only  as  a  wide,  diffused  line,  until  at  the 
great  pressure  of  22  inches  the  spectrum  is  per- 
fectly continuous,  and  Ha  is  no  longer  to  be 
recognized  as  a  line,  but  is  changed  into  a  broad 
red  space. 

It  was  found  by  Secchi  by  employing  tubes  of 
varying  calibre  (§  31)  that  with  a  diminution  of 
the  tension  and  temperature  of  the  electric  spark, 
the  width  of  the  hydrogen  lines  decreased,  till  with 
the  same  width  of  slit  they  disappeared,  or  else  be- 
came very  fine  and  scarcely  to  be  seen,  in  the  parts 
of  the  tubes  of  greatest  diameter,  while  they  con- 
tinued visible  in  the  capillary  portions.  It  therefore 
follows  that  with  the  same  pressure  on  the  gas  a 
diminution  of  temperature  is  accompanied  by  a 
narrowing  of  the  hydrogen  lines,  and  it  seems  that 
with  a  given  density  there  is  a  li?nit  of  temperature  at 
which  the  three  bright  lines  of  this  gas  disappear. 
Were  it  possible  to  estimate  this  temperature,  the 
amount  of  pressure  to  which  the  gas  was  subjected 
could  be  inferred.  This  question  is  involved  in 
considerable  difficulty,  but  is  at  the  same  time  of 
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such  great  importance  in  the  investigations  of  the 
solar  atmosphere  that  it  will  no  doubt  soon  engage 
the  attention  of  those  physicists  who  have  the  re- 
quisite apparatus  at  their  command. 

33.  Influence  of  Temperature  ox  the  delicacy 
OF  Spectrum  Reactions. 

Bunsen  and  Kirchhoff  discovered  in  their  first 
labours  on  this  subject,  that  the  spectra  of  alkalies 
and  alkaline  earths  increased  in  intensity  as  the 
temperature  to  which  they  were  subjected  increased, 
but  it  remained  uncertain  whether  the  increased 
brightness  resulted  merely  from  the  increased  A^ola- 
tilization  of  these  metals  or  from  the  consequent 
increased  delicacy  of  the  spectrum  reactions. 

Cappel  has  therefore  lately  renewed  these  investi- 
gations ;  solutions  of  the  metallic  salts  were  volati- 
lized between  the  poles  of  a  small  induction  machine 
giving  a  spark  |  of  an  inch  long,  and  by  the  use  of 
Mitscherlich's  glass  tubes,  provided  with  platinum 
wicks  (Fig.  62),  the  spectrum  made  permanent  for 
some  time.    A  series  of  solutions,  each  half  the 
strength  of  the  preceding  one,  were  prepared  from 
a  number  of  metallic  chlorides;  the  spectrum  of  the 
metal  which  was  in  connection  with  the  positive 
pole  was  continuously  observed,  while  increasingly 
concentrated  solutions  were  brought  in  succession 
into  the  electric  current  till  the  lines  of  the  sub- 
stance, the  position  of  which  had  previously  been 
accurately  determined  for  that  particular  spectro- 
scope, were  clearly  visible. 
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The  result  of  these  observations  is  given  in  the 
following  table  : — 


Susceptibility  in  Milligrammes 

No. 

Name  of  the  Metal 
investigated. 

1 

By  the  use  of  the 
Induction  Spark. 

By  the  use  of  the 
Bunsen  Burner. 

I 

Ceesium     .    .  . 

I 

4,000 

1 

25,000 

2 

Rubidium  .    .  . 

I 

1,000 

1 

n  000 

•? 

Potassium  .    .  . 

I 

400 

\ 

3,000 
I 

4 

Sodium  .... 

14,000,000 

Lithium .... 

I 

I 

c 

40,000,000 

600  000 

6 

Barium  .... 

I 

goo,ooo 
I 

I 

2,000 
I 

7 

Strontium  .    .  . 

100,000,000 
I 

30,000 
1 

8 

Calcium .... 

10,000,000 

50,000 

Q 

Magnesium    .  . 

I 

500,000 

10 

Chromium  .    .  . 

1 

4,000,000 

Manganese     .  . 

I 

200,000 

I 
83 

12 

Zinc  

I 

Indium  .... 

I 

90,000 

I 

2,000 

Cobalt  .... 

I 

15,000 

1 5 

Nickel  .... 

I 

600 

16 

Iron  

I 

26,000 

17 

Thallium    .    .  . 

I 

80,000,000 

I 

50,000 

18 

Cadmium  .    .  . 

I 

18,000 

19 

Lead  

I 

20  000 

20 

Bismuth     .    .  . 

1 

70,000 

21 

Copper  .... 

I 

20,000 

I 

22 

Silver  .... 

I 

12,000 

23 

Mercury.    .    .  . 

I 

10,000 

24 

Gold  

I 

4,000 

25 

Tin  

I 

17,000 

The  second  column  contains  the  minima  of  me- 
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tallic  substance  needed  to  produce  the  principal 
characteristic  line,  therefore  the  most  sensitive  line 
of  the  metal.  It  shows  that  by  the  use  of  this 
minimum  of  metallic  substance  the  spectrum  con- 
sists of  only  one  single  line,  with  the  exception 
of  copper,  the  spectrum  of  which,  even  with  the 
smallest  perceptible  mixture,  is  composed  of  three 
lines.  The  third  column  is  compiled  from  earlier 
observations,  so  modified  that  the  weight  of  the 
mixtures  has  reference  to  the  amount  of  metal  con- 
tained in  the  compounds. 

From  this  table  it  appears  that,  with  the  exception 
of  the  alkalies,  the  susceptibility  of  the  spectrum 
reactions  in  the  metals,  inclusive  of  lithium,  is  from 
40  to  3,000  times  greater  in  the  heat  of  the  electric 
spark  than  in  the  temperature  of  the  non-luminous 
gas  flame.  Many  new  lines  make  their  appearance 
in  the  spectrum  of  the  induction  spark  which  are 
not  visible  at  a  lower  temperature.* 

As  a  practical  result  of  these  investigations  by 
Cappel,  it  seems  to  be  established  that  the  spectrum 
analysis  of  alkalies  is  best  conducted  by  the  tem- 
perature of  the  oxyhydrogen  flame,  and  that  of 
other  metals  by  the  electric  spark.  It  seems  pro- 
bable that  by  the  use  of  still  higher  tension,  such  as 
may  be  obtained  by  the  introduction  of  condensers 
(Fig.  65),  the  sensibility  of  the  spectrum  reactions 
in  a  great  number  of  metals  may,  in  consequence 
of  the  higher  temperature,  be  raised  above  the  fore- 
going limits. 

*  [See  note,  p.  147-] 
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The  importance  of  the  choice  of  a  suitable  tem- 
perature in  investigations  with  spectrum  analysis  is 
shown  by  the  behaviour  of  strontium.  If,  for  example, 
i-  of  a  millisramme  of  this  metal  be  taken,  a  quan- 
tity  that  can  be  detected  by  the  ordinary  mode  of 
analysis,  ^  part  of  this  small  quantity  will  be  shown 
by  its  spectrum  analysis  in  the  Bunsen  burner ;  but 
if  the  electric  spark  be  employed,  ^-  part  of  this  last 
small  particle  may  be  distinguished  with  the  greatest 
certainty.  Cappel,  therefore,  rightly  maintains  that 
in  searching  for  new  metals  the  employment  of  high 
temperatures  is  very  important,  and  that  the  use  of 
very  powerful  induction  machines,  with  the  addition 
of  condensers,  would  very  probably  lead  to  the  dis- 
covery of  new  elements. 

34.  The  Colours  of  Natural  Objects. 
Besides  the  colours  of  the  spectrum,  which  are 
the  simple  elements  composing  white  light,  there  is 
another  class  of  colours  apparent  in  every  sub- 
stance, which  are  therefore  known  as  the  colours  of 
natural  objects.  When  we  see  that  a  picture  is 
formed  by  covering  the  canvas  with  various  pig- 
ments, and  that  leaves  and  flowers  are  bright  with 
the  most  beautiful  tints,  while  white  cloth  becomes 
red,  green,  or  blue  according  to  the  colour  of  the 
liquid  into  which  it  is  dipped,  we  are  easily  led  to 
believe  that  every  substance  carries  in  itself  its  own 
colour,  which  is  peculiar  to  it  alone,  and  is  inherent 
in  the  substance.  •  At  most,  we  might  admit  that 
light  was  requisite  to  render  the  colour  visible. 
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And  yet  this  is  not  so.  Were  colours  really 
something  inherent  in  the  object,  every  coloured 
substance  would  manifestly  appear  always  of  the 
same  colour  by  whatever  light  it  was  illuminated. 
But  this,  as  every  one  knows,  is  not  the  case.  The 
beautiful  violet  dress  which  in  daylight  appears  of 
the  purest  colour  seems  dull  and  gloomy  by  gas- 
light; materials  which  in  daylight  are  a  bright  blue 
are  tinged  with  green  in  candle  or  lamp  light.  And 
what  if  the  landscape  or  a  coloured  object  be  viewed 
through  a  tinted  glass  ?  All  colours  then  seem 
changed,  without  the  objects  in  themselves  being 
altered ;  if  the  colour  of  the  glass  be  intense,  the 
various  colours  of  the  objects  immediately  dis- 
appear, and  everything  seems  shaded  in  the  colour 
of  the  glass.  The  same  thing  happens  if  some 
common  salt  be  rubbed  into  the  wick  of  a  spirit 
lamp,  and  surrounding  objects  viewed  by  the  yellow 
light  of  such  a  flame  ;  the  colours  disappear,  or  lose 
much  of  their  brilliancy,  and  everything  seems  either 
in  mere  light  and  shade,  or  else  of  a  dull  grey. 

These  facts  clearly  prove  that  colours  are  not 
inherent  in  objects,  that  they  have  no  independent 
existence,  but  that  they  are  called  forth  by  some 
extraneous  cause. 

On  the  other  hand,  these  considerations  show 
that  there  must  be  something  in  the  objects  them- 
selves to  help  in  the  formation  of  colour ;  for  they 
in  no  way  assume  the  colour  of  the  light  illumi- 
nating them,  but  appear,  as  a  rule,  of  quite  a 
different  hue. 
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The  natural  colour  of  an  object  is  that  in  which 
it  appears  when  illuminated  by  the  pure  white  light 
of  the  sun,  or  by  daylight ;  it  is  called  red  or  blue 
when  it  so  appears  by  daylight.  Now  if  an  object 
be  illuminated  by  white  light,  and  yet  appear  of 
another  colour,  the  cause  of  the  change  must  be 
looked  for  in  the  influence  which  the  surface  of  the 
body  exercises  on  the  ether  waves  constituting 
white  light.  The  effects  of  this  influence  are  very 
different  according  to  the  nature  of  the  colouring 
matter  with  which  the  object  is  provided ;  but  they 
may  mostly  be  reduced  to  one  of  two  cases — either 
that  a  portion  of  the  ether  motion  is  entirely 
stopped,  or  so  considerably  diminished  in  its 
passage  over  the  ponderable  atoms  of  the  substance, 
as  that  heat  instead  of  light  is  evolved, — or  else  that 
the  ether  waves  are  irregularly  reflected  from  the 
surface  of  the  object,  as  sometimes  occurs  with  the 
waves  of  sound.  In  the  first  case  the  rays  of  light 
are  said  to  be  absorbed ;  in  the  latter,  scattered. 

When  the  surface  of  a  body  has  the  property  of 
absorbing  all  the  colours  of  the  solar  spectrum  v;ith 
the  exception  of  one, — the  red,  for  example, — that 
body  appears  red  to  us  by  daylight  because  this 
colour  alone  is  reflected  to  the  eye.  When,  on  the 
contrary,  it  has  the  power  of  absorbing  some  of  the 
rays, — the  red  and  orange,  for  instance, — and  of  re- 
flecting the  others,  namely,  the  yellow,  green,  and 
blue,  the  colour  of  the  object  will  then  be  that  pro- 
duced by  the  mixture  of  the  un absorbed — the  re- 
flected— colours.    Now  as  white  light  contains  the 
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whole  range  of  colours  visible  in  the  spectrum,  it 
can  easily  be  understood  why  so  many  different 
coloured  objects  should  be  seen  in  nature  with  such 
an  infinite  variety  of  tints.* 

When  all  the  colours  of  white  light  are  reflected 
from  an  object  in  the  same  proportions  as  they 
occur  in  the  solar  spectrum,  the  object  appears 
white  by  daylight,  and  brilliant  in  proportion  to  the 
quantity  of  light  it  reflects.  In  proportion,  how- 
ever, as  it  reflects  fewer  rays  of  all  kinds,  the 
white  loses  in  intensity;  the  object  appears  first 
grey,  then  dark,  and  at  last  black,  when  all  the  rays 
falling  upon  it  are  absorbed  and  none  reflected. 

Those  objects  are  therefore  black  the  surfaces 
of  which  are  so  constituted  as  to  absorb  all  the 
coloured  rays  of  white  light ;  those  are  white  which 
reflect  all  the  rays  which  fall  upon  the  surface;  and 
those  are  coloured  which  reflect  some  of  the  rays 
and  absorb  others. 

A  .  white  object  may  therefore  appear  of  all 
colours  :  if  red  light  falls  upon  it,  it  reflects  it  to 
the  eye,  and  appears  red;  in  blue  light  it  ap- 
pears blue ;  in  green  light,  green,  etc. ;  whereas  a 
black  object  always  appears  black,  whatever  may 
be  the  colour  of  the  light  by  which  it  is  illuminated. 

We  may  here  further  remark  that  a  coloured  sub- 
stance assumes  a  different  tint  when  illuminated  by 

*  [A  certain  proportion  of  the  light  falHng  upon  coloured  bodies 
is  usually  sent  back  unchanged  by  superficial  reflection,  without 
undergoing  the  elective  absorption  to  which  the  colour  of  the 
substance  is  due.] 
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coloured  light,  and  then  appears  of  another  than  its 
natural,  that  is  to  say,  daylight  colour.  Vermilion, 
for  example,  when  placed  in  red  light  becomes  of 
a  more  fiery  red ;  in  orange  or  yellow  light,  it  ap- 
pears orange  or  yellow,  but  deeper  in  tone;  green 
rays  impart  to  it  something  of  their  own  tint,  but  a  \ 
the  red  substance  can  reflect  only  a  few  of  the  gree  i 
rays,  it  appears  pale  and  dull  by  their  light;  it 
seems  still  duller  and  darker  in  blue  light,  and  with 
indigo  and  violet  it  is  almost  black. 

These  phenomena  are  explained  by  the  supposi- 
tion that  the  surfaces  of  coloured  bodies  possess 
the  property  of  reflecting  the  rays  of  one  particular 
colour  in  far  greater  proportion  than  those  of  the 
other  colours ;  they  do  not  therefore  appear  black 
when  illuminated  by  a  light  differing  from  their 
own  natural  colour.  Take,  for  example,  a  piece  of 
paper  half  of  which  is  coloured  a  deep  blue  and  half 
red :  the  coloured  rays  other  than  the  blue  and  red 
are  not  all  absorbed  :  it  is  true  that  the  blue  piece 
reflects  the  blue  rays  pre-eminently  and  in  greatest 
number,  as  the  red  part  does  the  red  rays,  but  the  red 
has  also  the  capability  of  reflecting  other  rays  to 
a  small  amount.  If  the  pure  yellow  light  of  a 
spirit  flame  impregnated  with  salt  be  allowed  to  fall 
on  the  paper  in  a  completely  dark  room,  the  paper 
must  appear  black  if  the  colouring  matter  reflect 
only  the  red  and  blue  rays,  because  the  yellow 
rays  of  the  burning  sodium  will  be  absorbed,  and 
no  other  light  falls  upon  the  paper :  but  this  is  not 
the  case.    The  paper  only  appears  black  on  the 
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blue  part ;  the  red  half  is  still  visibly  coloured, 
though  of  a  decidedly  yellow  shade.  We  therefore 
conclude  that  the  blue  of  the  paper  does  not  reflect 
the  yellow  rays,  but  that  the  red  has  that  power  in 
a  small  degree.  Almost  all  coloured  objects  act 
like  the  red  paper  ;  they  reflect  pre-eminently  one 
particular  colour,  namely,  that  one  of  which  they 
appear  by  daylight ;  but  they  are  able  also  to  reflect 
in  small  quantities  all  other  or  at  least  some  other 
colours,  and  so  they  vary  in  tint  according  to  the 
kind  of  light  in  which  they  are  seen. 

The  colours  of  objects  are  very  rarely  pure  and 
simple  like  those  of  the  spectrum ;  most  of  them 
are  composed  of  several  colours,  and  can  be  de- 
composed into  their  original  elements  by  a  prism. 
As  without  prismatic  decomposition  we  are  unable 
merely  from  the  colour  of  an  object  to  say  positively 
which  colours  are  absorbed  and  which  reflected, 
so  it  is  equally  impossible  for  us  to  decide  from 
the  colour  of  a  flame  what  the  composition  of  its 
light  may  be  without  investigation.  The  light  of 
the  sun,  the  lime-light,  the  magnesium  light,  the 
light  of  coal  gas,  petrolium,  and  oil,  all  appear  to 
us  more  or  less  white,  and  yet  the  spectra  of  the 
various  lights  differ  considerably.  It  is  true  they 
all  contain  the  whole  range  of  the  colours  of  the 
spectrum,  from  red  to  violet ;  but  each  colour  is  pre- 
sent in  very  different  proportions.  The  light  from 
gas,  oil,  and  candles  has  less  blue  than  that  of  the 
sun  and  the  lime-light,  and  very  much  less  violet. 
A  blue  material  will  therefore  reflect  less  blue  by 
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lamp,  gas,  or  candle  light  than  by  daylight ;  the 
colour  will  not  only  be  flat  and  dull,  but  will  have  a 
touch  of  green  in  it  on  account  of  the  preponderance 
of  yellow  light.  Blue  and  violet  especially  receive 
a  green  tinge  by  candlelight,  in  which  these  colours 
appear  much  duller  than  in  daylight ;  and  .indeed 
sometimes,  according  to  the  nature  of  the  colouring 
matter  employed,  this  tint  is  so  decided  that  in 
artificial  light  many  kinds  of  green  cannot  be  dis- 
tinguished from  blue. 

35.  Absorption  of  Light  by  Solid  Bodies. 

By  the  term  absorption  we  have  already  designated 
that  action  by  which  light,  in  its  passage  through 
certain  media,  or  by  its  reflection  from  the  surfaces 
of  bodies,  is  weakened,  partially  retained,  or  entirely 
stopped.  We  found  that  those  substances  called 
black  absorbed  rays  of  every  colour  and  reflected 
no  light  from  their  surfaces,  and  that  most  sub- 
stances absorbed  with  great  avidity  rays  of  certain 
colours,  while  they  were  insensitive  to  others.  The 
cause  of  this  absorption  is  probably  due  to  the 
vibrations  of  the  ether  being  communicated  to  the 
ponderable  molecular  particles  of  the  substance. 

Similar  phenomena  are  noticed  when  light  is 
transmitted  through  coloured  glass.  When  all  the 
objects  in  a  landscape  appear  red  through  a  red 
glass,  it  is  because  the  glass  allows  only  the  red 
rays  to  pass  through,  and  absorbs  every  other 
coloured  ray:  such  a  glass  is  transparent  only  to 
red  light,  and  is  opaque  to  every  other  colour.  B^i^ 


SPECTRUM  ANALYSIS. 


it  is  rarely  the  case  that  coloured  glass  is  trans- 
parent for  one  colour  only ;  most  kinds  of  glass 
absorb  rays  of  certain  colours,  and  allow  the  others 
to  pass  through  in  very  different  proportions.  The 
naked  eye  is  unable  to  decide  which  of  the  coloured 
rays  are  transmitted  through  a  coloured  glass ; 
this  can  only  be  accurately  determined  by  ana- 
lyzing the  transmitted  light  by  a  spectroscope  or 
simple  prism. 

If  we  examine  by  a  spectroscope  the  transmitted 
light  of  the  coloured  glass  that  we  before  made  use 
of  (§  17)  for  obtaining  red,  green,  and  blue  light, 
it  will  at  once  be  seen  that  the  ruby  red  glass  trans- 
mits some  orange  and  even  some  yellow  rays,  as 
well  as  the  red,  but  that  it  entirely  absorbs  the 
green,  blue,  and  violet  rays ;  the  cobalt  blue  glass 
transmits  some  violet  and  green  rays,  besides  the 
blue,  but  absorbs  all  the  red  rays.  If  both  glasses 
be  laid  one  over  the  other,  and  a  gas  flame  looked 
at  through  them,  it  seems  as  if  scarcely  a  single 
ray  was  transmitted  ;  the  red  glass  absorbing  the 
green,  blue,  and  violet  rays,  and  the  blue  glass 
absorbing  the  red  rays,  there  pass  through  only 
traces  of  such  light  as  has  not  been  entirely  ab- 
sorbed, and  this  causes  the  gas  flame  to  appear 
of  a  dull  yellow,  A  combination  of  several  glasses, 
or  indeed  any  single  glass  which  absorbs  all  the 
coloured  rays  composing  white  light,  is  opaque,  that 
is  to  say,  black ;  glass  of  perfect  transparency, 
absorbing  absolutely  none  of  the  transmitted  light, 
does  not  exist. 
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36.  Absorption  of  Light  by  Liquids. 
The  absorptive  power  of  coloured  liquids  is  in 
general  much  more  decided  and  marked  than  that  of 
coloured  glass.  No  colouring  matter  has  yet  been 
found  which  will  absorb  or  transmit  only  one  kind 
of  coloured  rays ;  the  colours  of  liquids,  therefore, 
as  seen  by  white  light,  are  mixed  colours,  and  their 
absorption  varies  exceedingly,  accoiding  to  the 
refrangibility  of  the  light  which  falls  upon  them, 
and  the  degree  of  concentration  possessed  by  the 


Fig.  70. 


Glass  Vessel  for  Absorbent  Liquids. 

solution.  Sorby,  Haerlin,  Hoppe,  and  Valentin, 
besides  Gladstone  and  Huggins,  have  delineated  a 
great  number  of  well-known  colouring  matters  and 
other  liquids,  in  the  course  of  their  investigations, 
and  have  ascertained  to  what  extent  their  various 
degrees  of  concentration  affect  the  individual  parts 
of  the  continuous  spectrum. 

If  these  absorption  phenomena  are  to  be  exhibited 
before  a  large  audience  by  the  use  of  the  electric 
or  Drummond's  light,  it  is  desirable  to  take  those 
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coloured  liquids  which  show  their  absorption  in  a 
very  characteristic  manner,  as,  for  instance,  a  solu- 
tion in  ether  of  chlorophyll — the  green  colouring 
matter  of  leaves, — a  solution  in  water  of  the  colour- 
ing matter  of  human  blood,  or  a  thin  layer  of 
potassium  permanganate  solution. 

If  a  continuous  spectrum  of  white  light  about 

Fig.  71. 


Spectra  of  Absorbent  Substances. 

six  feet  long  be  projected  in  the  usual  way,  and 
a  glass  vessel  (Fig.  70)  composed  of  flat  plates 
containing  the  chlorophyll  solution  introduced  into 
the  path  of  the  rays,  the  spectrum  on  the  screen 
will  be  seen  immediately  to  change.  Dark  bands 
(Fig.  71,  No.  2;  Frontispiece  No.  10)  appear 
in  the  red,  as  well  as  in  the  yellow,  green,  and 
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violet  portions,  and  the  blue  shades  give  place 
to  a  faint  red  hue ;  the  green  chlorophyll  solution 
does  not  therefore  absorb  the  whole  of  the  red  and 
yellow  rays,  but  only  those  which  possess  a  peculiar 
refrangibility  or  wave-length ;  it  exerts  the  same 
influence  on  most  of  the  blue  and  violet  rays,  while 
it  transmits  unchanged  all  the  other  colours  of  white 
light. 

If  a  greatly  diluted  solution  of  fresh  arterial  blood 
be  substituted  for  the  leaf  green,  the  red  in  the 
spectrum  will  be  intensified,  while  the  blue  and  the 
violet  will  be  nearly  extinguished.  Fig.  71,  No.  3, 
shows  in  the  yellow  and  commencement  of  the 
green  two  dark  blood  bands,  with  a  faint  green 
stripe  interposed. 

These  phenomena  appear  in  a  much  more  striking 
manner  if  they  are  observed  through  a  spectroscope 
instead  of  being  projected  on  a  screen ;  the  coloured 
liquid  is  then  placed  immediately  in  front  of  the  slit, 
and  the  spectra  viewed  directly  by  the  eye.  It  is 
needful  for  this  purpose  to  have  small  glass  troughs 
with  parallel  sides,  similar  to  the  one  drawn 
in  Fig.  70,  but  Stokes  recommends  carefully  se- 
lected test-glasses,*  any  of  which  may  be  filled 
with  the  requisite  liquid,  and  placed,  as  shown  in 
Fig.  72,  close  in  front  of  the  slit  by  means  of  a  sup- 

*  Browning  manufactures  such  glass  tubes  and  vessels  of  every 
required  size  and  shape,  especially  in  the  form  of  a  wedge,  so  as 
to  test  easily  the  same  liquid  at  different  successive  thicknesses. 
He  also  furnishes,  enclosed  in  glass  tubes,  a  whole  series  of  liquids, 
the  absorptive  power  of  which  is  either  remarkably  great  or  else 
manifested  in  a  peculiar  way. 
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porting  ring  fastened  to  the  end  of  the  spectroscope. 
If  the  instrument  with  the  slit  not  too  contracted  be 
directed  towards  a  luminous  cloud,  or  when  this  is 
not  available  towards  a  bright  light  placed  imme- 
diately in  front,  there  will  appear  a  brilliant  spectrum 
crossed  by  dark  bands  produced  by  the  absorp- 
tion of  the  liquid. 

In  many  cases  small  changes  produced  in  these 
colouring  matters  by  dilution,  by  chemical  action. 


Fig.  72. 


Observations  of  Absorption. 

or  by  the  increase  or  diminution  of  the  thickness  ot 
the  stratum  of  liquid,  are  accompanied  by  changes 
in  the  absorption  bands,  so  that  a  conclusion  may 
be  formed  from  the  position,  width,  and  intensity  of 
these  dark  bands  as  to  the  nature  of  the  colouring 
matter  and  the  circumstances  by  which  it  has  suffered 
alteration.  The  two  dark  blood  bands  are  seen  in 
the  yellow-green  of  a  spectrum  formed  by  either  day- 
light or  lamp-light  from  water  infused  with  but  a 
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trace  of  blood,  and  which  exhibits  to  the  naked  eye 
scarcely  a  perceptible  tinge  of  yellow.  On  this  ac- 
count spectrum  analysis  has  been  called  into  the 
service  of  physiology  and  pathology,  and  is  fitted  to 
render  valuable  aid  in  medico-legal  investigations, 
since  it  is  not  improbable  that  the  spectroscope, 
when  in  connection  with  the  microscope,  will  be  able 
to  detect  the  presence  of  blood  or  poison  in  many 
cases  where  the  microscope  alone  can  furnish  no  re- 
sults, or  only  those  of  an  untrustworthy  character. 

37.  The  Sorby- Browning  Microspectroscope. 

The  object  of  this  instrument  is  to  facilitate  the 
accurate  observation  of  the  absorptive  phenomena 
of  the  smallest  solid  and  liquid  bodies,  such  as  are 
prepared  for  microscopic  examination — a  corpuscule 
of  blood,  for  instance.*  Sorby,  with  the  assistance 
of  Browning,  has  so  arranged  the  spectroscopic  part 
of  the  instrument  that  it  can  be  applied  to  any 
microscope  by  fixing  it  in  the  place  of  the  ordinary 
eyepiece  so  that  the  spectroscopic  investigation  of 
an  object  can  be  pursued  without  any  change  in 
the  manner  of  using  the  instrument.    In  a  com- 

*  [In  his  earlier  researches  with  the  microscope,  Sorby  illuminated 
the  object  to  be  examined  by  placing  it  in  a  spectrum  formed  on 
the  stage  of  the  instrument  by  a  prism  and  lens  placed  beneath. 
Huggins  first  pointed  out  the  method  of  observing  the  spectra  of 
the  light  from  microscopic  objects  by  means  of  a  slit  and  a  prism 
placed  above  the  object-glass  of  the  microscope.  (See  "  On  the 
Prismatic  Examination  of  Microscopic  Objects,"  Trans.  Micro- 
scopical Society,  May  10,  1865.)  It  is  on  this  principle  that  the 
very  convenient  instrument  described  in  the  text  is  based.] 
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plete  instrument  a  contrivance  is  attached  to  the 
side  by  means  of  which  the  substances  to  be  investi- 
gated may  be  compared  with  the  spectra  of  known 
substances  :  this  apparatus  consists  of  a  small  stage, 
a  prism  for  comparison  (§  38)  and  a  movable  scale 
for  measuring  accurately  the  places  of  the  absorp- 
tion bands. 

Fig.  73  shows  a  perspective  view  of  the  whole 


The  Sorby-Browning  Microspectroscope. 


instrument,  as  fitted  to  slide  into  the  upper  tube  of 
the  microscope  in  place  of  the  eyepiece  ;  Fig.  74 
gives  a  section  showing  the  internal  construction, 
and  Fig.  75  gives  a  section,  through  the  plane  of 
the  two  screws  C  and  H,  exhibiting  the  slit  with  its 
contrivances  for  adjustment  and  the  prism  for  com- 
Darison. 
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The  tube  A  encloses  a  second  tube  carrying-  a 
direct-vision  system  of  five  prisms  c,  and  an  achro- 
matic lens  /  (Fig.  74);  by  means  of  a  milled  head  B, 
with  screw  motion,  this  inner  tube  can  be  moved  up 
and  down,- so  that  the  slit  situated  in  the  plane  of 
the  screws  C  and  H  may  be  in  the  focus  of  the  lens 
/;  consequently  the  rays  from  the  slit,  after  passing- 
through  the  lens,  fall  parallel  on  to  the  prisms. 

Fig.  74. 


Section  of  the  Microspectroscope. 


D  D  is  the  stage  on  which  the  objects  for  com- 
parison— liquids  between  plates  of  glass  or  in  small 
tubes — are  secured  within  notched  edges,  by  means 
of  metal  springs,  which  hold  the  small  glasses  in 
such  a  position  that  the  light  falling  on  them  from 
the  side,  after  its  passage  through  the  liquid,  reaches 
a  square  opening  in  the  middle  of  the  stage,  whence, 
as  Fig.  74  shows,  it  passes  through  a  side  opening 
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0  into  the  inside  of  the  principal  tube,  and  falls 
upon  the  reflecting  prism  R,  which  acts  as  a  prism 
for  comparison.  When  the  apparatus  for  com- 
parison is  not  required,  the  square  opening  in  the 
stage  D  D  is  closed  by  a  sHding  plate  by  means  of 
the  screw  E,  so  that  the  side-light  may  be  shut  out 
of  the  instrument. 

Fig"-  75  gives  a  section  through  the  plane  of  the 
slit  between  the  screws  C  and  H.  The  piece  n  is 
fixed,  while  m  is  movable,  by  means  of  the  screw 


Fig.  75. 


Adjustments  for  the  Slit  in  the  Microspectroscope. 

H  and  an  opposing  steel  spring,  which  serves  to 
widen  or  narrow  the  slit.  Close  over  the  slit  is  a 
covering  plate  /»,  which  is  moved  backwards  and 
forwards  by  the  screw  C  and  a  spring  acting 
against  it,  thus  enabling  the  slit  to  be  lengthened 
or  shortened.  The  reflecting  prism  R  covers  a  part 
of  the  slit ;  if  this  slit  be  open,  and  the  light  from 
the  object  for  comparison  fall  from  the  side  at  0 
upon  the  prism  R,  it  will  be  reflected  back,  and  be 
thrown  upon  the  system  of  prisms  c,  together  with 
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the  light  coming  through  the  open  part  of  the  slit 
from  below  (Fig.  74).  In  this  way  two  spectra 
are  received  in  juxtaposition,  one  produced  by  the 
light  passing  through  the  tube  G,  the  other  by  the 
light  which  has  been  transmitted  through  the  known 
liquid  upon  the  stage  D  D. 

In  order  to  use  the  microspectroscope,  the  tube 
A,  with  the  prisms,  must  be  removed,  and  the  tube 
G  inserted  into  J;he  eyepiece  tube,  so  that  the  slit 
at  the  eye  end  shall  be  parallel  to  the  inner  slit.* 
The  object-glass  required  is  then  screwed  into  the 
lower  part  of  the  microscope,  the  object  the  spec- 
trum of  which  is  to  be  investigated  laid  upon  the 
stage,  and  illuminated  according  as  it  is  transparent 
or  opaque  with  a  mirror  from  below  or  by  means  of 
an  achromatic  condenser  from  above,  and  the  focus 
adjusted  in  the  same  manner  as  for  an  ordinary 
microscopic  investigation,  so  that  the  enlarged 
image  may  be  distinctly  seen.  For  this  purpose  it 
is  requisite  that  the  slit,  by  means  of  the  screw 
^  H  should  be  opened  wide.  The  tube  A,  with  the 
compound  prism,  is  then  replaced,  its  position 
regulated  with  regard  to  the  slit  by  the  screw  B, 
and  the  width  of  the  slit  adjusted  until  a  well- 
defined  spectrum  is  obtained.  As  each  portion  of 
the  spectrum  possesses  a  refrangibility  peculiar  to 
itself,  the  prisms  must,  for  the  delicate  absorption 
lines,  be  specially  adjusted  for  each  dark  line.  It 

*  [Mr.  Browning  now  makes  the  instrument  with  a  circular 
aperture  instead  of  a  slit,  so  that  the  eye-cap  may  be  placed  in  any 
position.] 
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need  scarcely  be  remarked  that  in  these  investiga- 
tions the  lowest  possible  powers  are  employed. 

When  the  substance  to  be  investigated  is  to  be 
compared  with  the  spectrum  of  a  known  substance, 
the  stage  D  D  is  employed  in  the  manner  described. 
If  it  be  used  in  daylight,  the  tube  of  the  microscope 


Fig.  76. 


» 


Micrometer  for  measuring  the  Absorption  Lines. 


must  be  directed  to  a  bright  part  of  the  sky  (Fig. 
73)  ;  for  a  better  illumination  of  the  liquids  on  the 
stage  D  D,  especially  by  lamp-light,  the  mirror  I  is 
employed,  and  is  so  supported  as  to  allow  of  its 
being  placed  in  any  position  with  respect  to  the 
opening  in  the  stage. 
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For  the  accurate  determination  of  the  position  of 
the  absorption  lines,  the  upper  cover  of  the  tube  A 
is  removed  and  replaced  by  another,  which,  as  re- 
presented in  Fig-.  76,  is  provided  with  a  lateral  tube 
a  a.     In  this  tube  the  lens  e  can  be  adjusted  by 
means  of  the  screw  b,  while  in  front  is  a  con- 
trivance by  which  an  opaque  glass  plate     on  which 
a  fine  transparent  line  or  cross  has  been  photo- 
graphed, may  be  moved  backwards  and  forwards  by 
the  micrometer  screw  M  (compare  Fig.  51),  and  the 
amount  of  motion  measured.  In  front  of  the  opening- 
of  the  tube  a  av^  placed  a  movable  mirror  S,  which 
reflects  the  light  it  receives,  whether  daylight  or 
lamp-light,  on  to  the  glass  plate  d.    By  turning 
the   micrometer  screw   M  the   light  transmitted 
through  the  glass  plate  is  thrown  into  the  tube  A  A, 
in  the  form  of  a  bright  line,  and  the  lens  e  adjusted 
to  such  a  position  as  to  direct  the  imag-e  of  this 
line  upon  the  upper  surface  of  the  range  of  prisms  r, 
presenting  an  angle  of  45°,  whence  it  is  reflected  in 
the  direction  of  the  principal  tube,  and  reaches  the 
eye  at  the  same  time  as  the  spectrum.  A  bright  line 
or  cross  is  thus  seen  upon  the  spectrum,  and  it  is 
not  only  easy,  by  turning  the  micrometer  screw  M, 
to  place  the  bright  line  precisely  upon  any  absorp- 
tion line,  but  also  to  measure  accurately  the  relative 
distances  between  any  dark  lines  in  the  spectrum 
by  means  of  the  divisions  of  the  micrometer. 

In  order,  however,  that  the  results  given  by  vari- 
ous instruments  may  be  compared,  these  divisions 
must  not  be  arbitrary. 

13  A 
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It  has  already  been  mentioned  (p.  87),  and  will 
be  more  fully  entered  into  in  Part  III.,  that  the  solar 
spectrum,  and  consequently  the  spectrum  of  day- 
light, is  not  continuous,  but  is  everywhere  crossed 
by  numerous  dark  lines  of  varying  intensity.  These 
dark  lines  always  occupy  the  same  place  in  the 
scale  of  colour  in  the  spectrum,  that  is  to  say  each 
line  is  produced  by  the  absorption  of  one  and  the 
same  colour,  or  by  light  of  the  same  refrangibility, 
whatever  may  be  the  composition  or  angle  of  the 
prism.  It  is  most  advantageous  to  select  the  darkest 
lines  in  the  solar  spectrum  to  form  a  scale  for  divid- 
ing the  screw-head  M  of  the  microspectroscope. 

For  this  purpose  Browning  divides  the  screw- 
head  M  into  a  hundred  equal  parts,  and  determines 
the  divisions  of  the  scale  for  every  instrument  by  a 
previous  trial  in  which  bright  daylight  is  admitted 
from  below  through  the  slit  and  the  tube  G  (Fig. 
73),  and  these  divisions  are  successively  marked  off 
by  the  indicator  on  the  screw-head  whenever  the 
bright  line  of  light  (Fig.  76)  is  coincident  with 
the  individual  dark  lines  of  the  solar  spectrum. 
The  dark  lines  are  then  drawn  in  accordance 
with  these  numbers  upon  a  spectrum  about  five 
inches  long,  which  is  divided  into  an  arbitrary 
number  of  equal  divisions,  as  represented  in  the 
upper  half  of  Fig.  77.  By  means  of  such  a  spec- 
trum, the  position  of  the  absorption  bands  of  any 
liquid  may  be  determined  without  difficulty,  care 
only  being  taken  that  artificial  light  be  employed 
for  the  formation  of  the  spectrum,  since  daylight 
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always  produces  the  dark  lines  of  the  solar  spec- 
trum, and  these  might  easily  be  confused  with  the 
absorption  lines.  In  fact  it  is  only  necessary  when 
dark  bands  are  observed  in  the  spectrum  of  a  sub- 
stance to  bring  the  line  of  light  in  the  micrometer 
upon  the  spectrum  (Fig.  76),  and  place  it  by  means 
of  the  screw  M  in  coincidence  with  the  absorption 
lines  to  be  measured,  and  then  read  off  the  number 
upon  the  divided  screw-head.  The  numbers  read 
off  for  the  various  lines  need  only  be  compared  with 


Fig.  77. 


Scale  for  the  Microspectroscope. 


the  divisions  of  the  scale  of  the  normal  spectrum, 
in  order  to  determine  at  once  the  position  of  these 
lines  in  the  spectrum  for  all  similar  investigations. 
Should  a  more  complete  representation  of  the  ab- 
sorption spectrum  be  required,  it  is  only  necessary, 
as  shown  in  the  lower  half  of  Fig.  77,  to  draw  the 
lines  according  to  the  numbers  read  off  on  the 
micrometer  screw-head  upon  a  spectrum  furnished 
with  ,the  jscalfi  of.  the  normal  spectrum.    The  bright 
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line  seen  at  the  number  96  in  this  lower  spectrum" 
ought  to  indicate  that  an  absorption  line  was  seen 
at  this  spot  in  the  instrument.  If  instead  of  the 
line  of  lig-ht  a  bright  cross  be  used,  the  point 
formed  by  the  intersection  of  the  lines  is  placed 
in  the  middle  of  the  absorption  line,,  or  if  it  be  a 
band  upon  each  edge  in  succession. 

Those  who  wish  to  enter  more  minutely  into  in- 
vestigations of  this  kind  will  do  well  to  begin  with 

Fig,  78. 


Absorption  Bands  of  Human  Blood. 


various  solutions  of  blood,  with  madder,  aniline 
red,  fresh  solution  of  permanganate  of  potash,  or' 
with  other  similar  substances  of  highly  absorptive 
power. 

In  Fig.  78  are  shown  the  absorption  bands  of 
human  blood  as  given  by  Stokes ;  it  v;ill  be  seea: 
how  greatly  they  vary  in  the  same  substance  ac- 
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cording  as  it  is  subjected  to  changes  or  mixed  with 
other  bodies.  All  four  spectra  are  the  absorption 
spectra  of  human  blood :  No.  i  is  that  of  fresh 
scarlet  blood ;  No.  2  that  of  deoxidized  blood 
(cruorine).  By  the  action  of  an  acid  on  blood  the 
cruorine  is  converted  into  hsematin,  which  gives  a 
spectrum  showing  an  entirely  different  set  of  bands ; 
and  haematin  can  again  be  oxidized  and  reduced, 
until  it  exhibits  the  dark  bands  shown  in  Nos.  3 
and  4. 

While  Hoppe-Seyler  and  Valentin  are  already 
actively  engaged  with  the  absorption  spectra  of 
those  substances  which  play  an  important  part  in 
physiology  and  pathology,  Sorby  has  devoted  him- 
self to  the  investigation  of  articles  of  commerce 
such  as  dyes  and  wine — to  ascertain  its  age,  as  well 
as  to  detect  the  adulteration  in  food,  such  as  beer 
and  wine,  mustard,  cheese,  butter,  etc.  Spectrum 
analysis  has  thus  opened  a  wide  field  of  investi- 
gation to  the  physiologist,  the  physician,  the 
botanist,  the  zoologist,  the  chemist,  and  the  techno- 
logist, and  the  labours  undertaken  in  these  various 
departments  of  science  have  already  yielded  valuable 
results. 

38.  Absorption  of  Light  by  Gases. 

While  colourless  gases  only  weaken  the  intensity 
of  the  light  they  transmit,  and  exert  no  selective 
absorptive  power  upon  any  particular  rays  ;  and 
while,  on  the  contrary,  coloured  solid  and  liquid 
bodies  wholly  absorb  certain  rays,  and  entirely 
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transmit  others,  thus  producing  wide  absorption 
bands  that  extend  sometimes  over  whole  groups  of 
colours  in  the  continuous  spectrum,  coloured  gases, 
differing  from  both,  exhibit  only  narrow  dark  bands 
which  like  black  lines  traverse  not  unfrequently  every 
colour  in  the  continuous  spectrum. 

For  the  exhibition  of  these  absorption  phenomena 
a  glass  globe  (Fig.  79)  is  employed,  smoothly 
polished  inside,  and  capable  of  being  closed  at  both 
ends  by  pieces  of  plate  glass.  The  vapours  for 
examination  are  introduced  into  the  globe  by  a 
side  opening;  but  if  it  be  desirable  that  they  should 


Fig.  79, 


Glass  Globe  for  Absorbent  Vapoui-s. 


be  formed  during  the  investigation,  the  substances 
needed  for  their  development  can  be  placed  in  the 
vessel  by  removing  the  cover,  and  vaporized  by  a 
careful  application  of  heat.  The  globe  must  be 
placed  immediately  before  the  prism,  or  close  in 
front  of  the  slit  of  the  spectroscope,  and  in  such  a 
position  in  the  path  of  the  rays  that  they  may  pass 
through  the  inside  of  the  sphere  perpendicularly  to 
the  glass  plates  covering  it. 

To  exhibit  the  absorptive  properties  of  nitrous 
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acid  gas  on  a  large  scale,  the  electric  lamp  or 
Drummond's  light  must  be  employed,  and  the  con- 
tinuous spectrum  of  white  light  thrown  upon  the 
screen  in  the  manner  described  in  §  19,  Fig.  34.  If 
the  globe  filled  with  the  red  vapour  of  nitrous  acid* 
be  placed  in  front  of  the  prism  in  the  position 
already  described,  the  spectrum  will  appear  crossed 
by  a  row  of  dark  bands,  the  violet  end  having 
entirely  disappeared.  By  increasing  the  heat  of  the 
vapour  these  bands  gradually  become  stronger, 
while  new  dark  bands  successively  appear,  until  at 
last,  when  the  temperature  has  reached  a  certain 
limit,  all  the  coloured  portions  of  the  spectrum 
are  absorbed,  and  not  a  ray  of  the  electric  light  is 
able  any  longer  to  penetrate  the  vapour.  Brewster 
carried  the  process  so  far  by  a  constant  increase  of 
temperature  as  to  render  the  gas  entirely  opaque 
even  to  the  power  of  the  sun's  rays.  The  absorp- 
tion spectrum  of  this  gas  is  shown  in  Fig.  7 1 ,  No.  4 
(Frontispiece  No.  9). 

If  some  pieces  of  iodine  be  placed  in  the  globe 
and  heated,  a  violet  vapour  is  produced,  through 
which  the  electric  light  may  be  made  to  pass.  The 
phenomena  which  are  then  seen  differ  greatly  from 
those  before  exhibited ;  by  slightly  widening  the 
slit  a  large  piece  of  the  spectrum,  from  the 
beginning  of  the  yellow  to  the  blue,  appears  to  be 
cut  out,  and  if  the  slit  be  contracted  to  obtain  a 

*  The  vapour  is  obtained  in  the  simplest  and  most  convenient 
manner  by  heating  nitrate  of  lead,  a  ptocess  which  may  take  place 
either  in  a  separate  vessel  or  with  care  in  the  glass  globe  itself. 
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purer  spectrum,  this  broad  dark  belt  resolves  itself 
into  numerous  fine  dark  lines,  which  are  seen  to 
cross  the  whole  of  the  spectrum  from  red  to  the 
beginning  of  blue.  If  the  absorption  spectrum  of 
the  vapour  of  iodine  be  examined  in  a  test  tube 
glass  by  means  of  a  spectroscope,  the  whole  of  the 
orange  and  yellow  will  be  seen  crossed  by  a  great 
number  of  fine  black  lines,  which  become  so  nu- 
merous in  the  green  that  they  can  scarcely  be 
separated  one  from  the  other,  and  appear  to  form  a 
shaded  band  (Fig.  71,  No.  5).  With  instruments  of 
high  magnifying  power  these  dark  bands  are  re- 
solved into  very  fine  lines,  increasing  in  number 
and  intensity  towards  the  middle  and  darkest  por- 
tions of  the  bands. 

Other  coloured  gases  yield  similar  absorption 
spectra,  particularly  the  vapours  of  bromine,  hydro- 
chloric acid,  perchloride  of  manganese,  also,  accord- 
ing to  Morren,  of  chlorine,  etc.,  while,  on  the  con- 
trary, there  are  other  vapours,  such  as  those  of 
sulphur  and  selenium,  which,  although  coloured,  do 
not  occasion  any  absorption  bands  in  the  spectrum. 

Aqueous  vapour  also  exercises  an  absorptive 
action  upon  light,  and  its  absorption  lines  are  ver}^ 
noticeable  in  the  spectrum  of  the  sun,  and  that  of 
diffused  daylight.  On  account  of  the  connection  of 
these  lines  with  the  spectrum  of  the  heavenly  bodies, 
the  consideration  of  the  details  of  their  appearance 
must  be  left  till  we  come  to  the  discussion  of  the 
solar  spectrum  in  Part  III. 
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39.  Relation  between  the  Emission  and  the 
Absorption  of  Light. 

When  it  is  remembered  that  solid  bodies  in  a 
state  of  incandescence  e7nit  a  much  greater  body 
of  light  than  gases  emit  in  a  similar  condition, 
and  that  they  are  able  to  absoj'-b  a  much  greater 
quantity  of  the  light  falling  on  them, — ^in  certain 
circumstances  even  the  whole  of  it, — through  the 
transfer  of  the  ether  vibrations  to  their  ponderable 
atoms;  when,  further,  it  is  remembered  that  just 
those  substances  that  give  out  heat  with  the  greatest 
facility,  and  in  the  fullest  quantity,  are  also  the 
most  capable  of  receiving  heat  from  without  or 
absorbing  it,  the  thought  is  suggested  that  there 
must  be  an  intimate  connection,  a  certain  re- 
ciprocity between  the  power  of  a  body  to  emit 
light  (emission)  and  to  absorb  it  (absorption). 
That  the  temperature  of  the  substance  has  an  in- 
fluence on  this  relation  between  its  emissive  and 
absorptive  powers  is  proved  by  the  phenomena  of 
the  gas  spectra  of  the  first,  second,  and  third  order 
(§  31),  as  well  as  by  the  variety  of  absorption  spectra 
exhibited  at  different  temperatures  by  the  same 
substance.  A  century  ago  the  eminent  mathe- 
matician and  physicist  Euler,  in  his  "  Theoria  lucis 
et  caloris,"  enunciatecj  the  principle  that  every  sub- 
stance absorbs  light  of  such  a  wave-length  as  co- 
incides with  the  vibrations  of  its  smallest  particles. 
Foucault  mentioned  in  his  work  on  the  spectrum  of 
the  electric  light,  published  in  1849,  that  owing  to 
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the  impurity  of  the  carbon  points  the  intense 
yellow  sodium  line  appeared,  and  was  changed 
into  a  black  line  when  sunlight  was  transmitted 
through  the  electric  arc.  Angstrom  gave  expression 
as  early  as  the  year  1853  to  the  general  law  that  a 
gas  when  \Mmmo\is  emits  rays  of  light  of  the  saiiie 
refrangibility  as  those  which  it  has  power  to  absorb,  or, 
in  other  words,  that  the  rays  which  a  substance  absorbs 
are  precisely  those  which  it  emits  when  viade  self 
hc7Jti7ious.* 

But  all  these  facts  remained  isolated,  and  there 
was  yet  wanting  the  comprehensive  grasp  of  a 
general  physical  law  under  which  the  individual 
phenomena  could  be  arranged.  It  was  reserved  to 
Kirchhoff  to  discover  this  law,  and  to  establish 
triumphantly  its  truth,  not  only  by  mathematical 
proof,  but  also  in  many  striking  instances  by 
experiment. 

*  [In  a  report  to  the  British  Association  for  the  Advancement 
of  Science  in  1861,  Professor  Balfour  Stewart  wrote,  "  lu  con- 
nection with  this  subject  it  may  not  be  out  of  place  to  intro- 
duce the  following  extract  of  a  letter  from  Prof.  W.  Thomson,  to 
Prof.  Kirchhoff,  dated  i860.  Prof  Thomson  thus  writes  :  '  Prof. 
Stokes  mentioned  to  me  at  Cambridge  some  time  ago,  probably 
about  ten  years,  that  Prof  Miller  had  made  an  experiment  testing 
to  a  very  high  degree  of  accuracy  the  agreement  of  the  double 
dark  line  D  of  the  solar  spectnun  with  the  double  bright  line 
constituting  the  spectrum  of  the  spirit-lamp  burning  with  salt.  I 
remarked  that  there  must  be  some  physical  connection  between 
two  agencies  presenting  so  marked  a  characteristic  in  common. 
He  assented,  and  said  he  believed  a  mechanical  explanation  of 
the  cause  was  to  be  had  on  some  such  principles  as  the  following : 
Vapour  of  sodium  must  possess,  by  its  molecular ,  structure,  a 
tendency  to  vibrate  in  the  periods  corresponding  to  the  degrees 
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In  the  year  i860  he  published  his  memoir  on  the 
relation  between  the  emissive  and  absorptive  powers 
of  bodies  for  heat  as  well  as  for  light,  in  which 
occurs  the  celebrated  sentence  :  The  relation  between 
the  power  of  emission  and  the  power  of  absorption  of  one 
a7id  the  same  class  of  rays  is  the  same  for  all  bodies  at 
the  same  temperature^''  which  will  ever  be  distin- 
guished as  announcing  one  of  the  most  important 
laws  of  nature,  and  which,  on  account  of  its  exten- 
sive influence  and  universal  application,  will  render 
immortal  the  name  of  its  illustrious  discoverer. 

40.  Reversal  of  the  Spectra  of  Gases. 

From  Kirchhoff's  law  it  follows  as  a  necessary 
consequence  that  gases  and  vapours  in  trans- 
mitting light  absorb  or  impair  precisely  those 
rays  (colours)  which  they  themselves  emit  when 
rendered   luminous,  while  they  remain  perfectly 

of  refrangibility  of  the  double  line  D.  Hence  the  presence  of 
sodium  in  a  source  of  light  must  tend  to  originate  light  of  that 
quality.  On  the  other  hand,  vapour  of  sodium  in  an  atmosphere- 
round  a  source  must  have  a  great  tendency  to  retain  on  itself,  i.e., 
to  absorb  and  to  have  its  temperature  raised  by  light  from  the 
source  of  the  precise  quality  in  question.  In  the  atmospheie 
around  the  sun,  therefore,  there  must  be  present  vapour  of 
sodium,  which,  according  to  mechanical  explanation  thus  sug- 
gested, being  particularly  opaque  for  light  of  that  quality,  prevents 
such  of  it  as  is  emitted  from  the  sun  from  penetrating  to  any  con- 
siderable distance  through  the  surrounding  atmosphere.  The  test 
of  this  theory  must  be  had  in  ascertaining  whether  or  not  vapour 
of  sodium  has  the  special  absorbing  power  anticipated.'  "  In  the 
same  connection  must  also  be  considered  the  experiments  on  the 
properties  of  radiant  light  communicated  in  i860  by  Prof  Balfour 
Stewart  to  the  Royal  Society.] 
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transparent  to  all  other  coloured  rays.  Lumi- 
nous sodium  vapour,  for  example,  gives  under 
ordinary  circumstances  a  spectrum  of  one  bright 
yellow  double  line ;  it  emits  therefore  this  yellow 
light  only.  If  the  white  light  of  the  sun,  the 
electric  arc,  or  the  oxyhydrogen  lamp  be  allowed 
to  pass  through  the  vapour  of  sodium,  the  vapour 
will  abstract  or  extinguish  from  the  white  light 
just  those  yellow  rays  which  it  emitted  when  in  a 
luminous  state.  While  the  greater  part  of  these 
yellow  rays  are  absorbed  by  the  sodium  vapour,  all 


Fig.  So. 


Reversal  of  the  Sodium  Line  (seen  with  the  Spectroscope). 


the  other  rays — the  red,  orange,  green,  blue,  and 
violet — pass  through  unimpaired. 

The  mode  in  which  Kirchhoff  conducted  his  ex- 
periments, which  admit  of  certain  and  easy  repeti- 
tion by  means  of  a  direct-vision  spectroscope,  is 
shown  in  Fig.  80,  where  the  apparatus  is  arranged  in 
the  same  way  as  for  the  exhibition  of  the  absorption 
spectra.  L  is  an  oil  lamp,  the  white  light  from 
which  is  decomposed  into  a  continuous  spectrum  of 
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every  shade  of  colour  by  the  prism  of  the  spectro- 
scope S  (p.  118).  After  the  eyepiece  of  the  tele- 
scope and  the  slit  have  been  so  adjusted  as  to 
exhibit  a  distinct  spectrum,  there  is  placed  close  in 
front  of  the  slit  s  a  glass  tube  N,  from  which  the 
oxygen  of  the  air  has  been  expelled  by  the  intro- 
duction of  hydrogen  gas,  and  in  which  are  laid 
some  pieces  of  metallic  sodium.  The  glass  tube  is 
heated  by  means  of  the  spirit  lamp  or  gas  flame  G, 
and  part  of  the  sodium  is  converted  into  vapour; 
a  dark  line  soon  makes  its  appearance  in  the  bright 
yellow  of  the  continuous  spectrum  of  the  oil  lamp 
precisely  in  the  place  where  the  sodium  vapour 
when  rendered  luminous  by  heat  shows  its  yellow 
line.  For  proof  of  this  it  is  only  necessary  to 
replace  the  sodium  tube  N  by  a  spirit  flame  in 
the  wick  of  which  some  common  salt  (chloride  of 
sodium)  has  been  rubbed,  and  to  screen  the  light  of 
the  lamp :  the  luminous  sodium  vapour  produces 
the  yellow  line  precisely  in  the  same  place  in 
which  the  yellow  light  was  before  absorbed  from 
the  continuous  spectrum  and  the  dark  line  formed. 

The  optician  Ladd  furnishes  strong  glass  tubes 
half  an  inch  in  width,  closed  at  both  ends,  and 
filled  with  hydrogen  gas  and  a  small  quantity  of 
sodium.  On  being  slowly  and  gradually  heated, 
the  sodium  becomes  vaporized.  If  such  a  tube  be 
held  vertically  close  in  front  of  the  slit  5,  and 
the  white  light  of  a  lamp,  or  what  is  preferable  the 
light  from  incandescent  lime  be  allowed  to  pass 
through  the  tube  containing  sodium  vapour  before 
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entering  the  slit  s,  a  dark  line  is  visible  precisely 
in  the  place  of  the  bright  sodium  line.  By  the  use 
of  a  spectroscope  of  strong  dispersive  power  the 
bright  sodium  line  does  not  appear  as  a  single  but 
as  a  double  line  :  accordingly  in  such  an  instrument 
the  dark  absorption  line  of  sodium  vapour  appears 
double,  and  both  these  dark  lines  occur  precisely 
in  the  place  where  the  two  bright  sodium  lines  are 
found  when  the  light  from  sodium  alone  falls  into 
the  spectroscope. 

In  the  same  way,  by  employing  the  vapours  of 
lithium,  potassium,  strontium,  and  barium,  Kirch- 
hoff  and  Bunsen  extinguished  from  a  continuous 
spectrum  precisely  the  same  bright  colours  which 
these  vapours  emit  when  luminous.  Luminous 
lithium  vapour  (Frontispiece  No.  3)  gives  a  spec- 
trum of  one  intense  red  line  and  a  fainter  orange 
one ;  lithium  vapour  absorbs  also  just  those  same 
colours  from  white  light  sent  through  it.  If  Kirch- 
hoff's  experiment  be  repeated  with  lithium  in  the 
same  manner  (Fig.  80)  as  already  described  with 
sodium,  two  unequally  dark  lines  will  appear  in  the 
continuous  spectrum  of  the  lamp  light  precisely  in 
the  same  places  where  the  luminous  lithium  vapour 
showed  the  two  bright  lines. 

The  important  result  of  these  investigations  is 
therefore  that  the  characteristic  bright  lines  of 
sodium,  lithium,  etc.,  are  changed  into  dark  lines 
when  the  intense  white  light  of  incandescent  solid 
or  liquid  bodies  passes  through  the  vapour  of  these 
metals.    The  spectrum  of  luminous  sodium  vapour 
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is  a  bright  jj'67^w  (double)  line,  the  rest  of  the  field 
in  the  spectroscope  remaining  dark ;  the  spectrum 
of  an  incandescent  solid  or  liquid  body,  after  it  has 
passed  through  sodium  vapour  at  a  lower  tempera- 
ture than  itself,  occupies  on  the  contrary  the  whole 
field  with  its  brilliant  colours  excepting  only  that 
one  place  in  which  the  dark  sodium  line  is  found. 
As  therefore  the  bright  lines  of  gas  spectra  are 
converted  in  these  experiments  into  dark  lines, 
while  the  dark  parts  of  the  spectrum  are  changed 
into  brilliant  colours  by  the  continuous  spectrum 
of  the  white  light,  the  entire  gas  spectrum  seems 
to  be  reversed  in  respect  of  its  illumination  :  for 
this  reason  the  phenomenon  has  been  called,  after 
Kirchhoff,  *'  ike  reversal  0/  the  spectrum^ 

It  has  been  fully  proved  by  Kirchhoff  that  the 
difference  between  the  temperature  of  the  incan- 
descent solid  or  liquid  body  giving  the  continuous 
spectrum,  and  that  of  the  absorptive  vapour 
through  which  its  white  light  passes,  exercises  a 
great  influence  upon  the  reversal  of  the  spectrum, 
and  that  the  whole  phenomenon  rests  upon  the 
relation  existing  between  the  emissive  and  ab- 
sorptive powers  of  the  vapour,  which  relation  is 
determined  by  the  difference  of  temperature.  The 
reversal  experiments,  therefore,  succeed  only  when 
there  is  a  great  difference  of  temperature  between 
the  incandescent  solid  body  and  the  absorptive 
vapour,  and  they  will  succeed  all  the  more  cer- 
tainly the  higher  the  temperature  is  of  the  in- 
candescent body,  and  the  lower  that  of  the  reversing 
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vapour.  The  light  of  the  sun,  the  electric  arc, 
Drummond's  lime-lig-ht,  or  a  glowing  platinum  wire, 
may  be  employed  in  place  of  the  lamp  (L,  Fig.  80). 
If,  instead  of  the  glass  tube  filled  with  h3^drogen 
and  sodium,  etc.,  free  sodium  vapour  be  employed, 
such  as  can  be  obtained  by  heating  metallic  sodium 
in  a  flame,  this  flame  must  not  be  of  a  high  tempe- 
rature. The  temperature  of  the  Bunsen  burner,  or 
even  of  a  spirit  lamp,  is  too  great  as  opposed  to  the 
heat  of  the  oxyhydrogen  lime-light ;  for  this  purpose 
the  moderately  hot  flame  produced  by  spirits  of 
wine,  diluted  with  as  much  water  as  it  will  bear,  is 
sufficient,  when  with  the  addition  of  a  little  common 
salt,  the  sodium  line  in  a  good  spectroscope,  with  a 
suitable  opening  of  the  slit,  will  appear  black  upon 
the  coloured  ground  of  the  continuous  spectrum  of 
the  lime-light.  If  the  white  light  of  the  electric 
arc,  with  its  far  greater  heat,  be  used  to  form  the 
continuous  spectrum,  the  reversal  of  the  sodium 
and  lithium  lines  may  be  produced  by  volatilizing 
these  metals  in  the  flame  of  the  Bunsen  burner. 

For  the  exhibition  of  the  reversal  of  the  sodium 
line  on  a  screen,  the  glass  tube  above  mentioned 
containing  hydrogen  gas  and  sodium  is  not  well 
suited,  as  the  sodium  vapour  is  not  dense  enough, 
and  soon  stains  the  sides  of  the  glass  ;  but  if  the 
electric  arc  be  used  for  the  w^hite  light,  the  sodium 
vapour  may  be  produced  by  means  of  a  gas  flame. 

For  this  purpose  the  carbon  points  should  be 
previously  moistened  with  a  weak  solution  of  salt, 
and   allowed    to    dry   again.      If  a  continuous 
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spectrum  some  three  feet  long  be  formed  by  the 
electric  lamp  and  prism  in  the  usual  way,  the  bright 
sodium  line  is  seen  passing  through  the  yellow,  the 
position  of  which  may  be  noted  by  making  a  mark 
/;/  at  the  side.  The  small  amount  of  sodium  ad- 
hering to  the  carbon  points  soon  evaporates  in  the 
heat  of  the  electric  light,  and  the  yellow  line  is  ex- 
tinguished.   The  gas  burner  G  (Fig.  81)  is  now 


Fig.  81. 


Reversal  of  the  Sodium  Line.    (Projected  on  a  Screen. ) 


placed  before  the  slit  of  the  electric  lamp  E,  so  that 
the  ra^^s  of  the  incandescent  carbon  issuing  from  it 
must  pass  through  the  flame  G.  Before  adding  the 
sodium  to  this  gas  flame,  a  perforated  screen  S  of 
pasteboard  is  placed  in  front  of  the  lens  L,  in  order 
that  the  large  screen  on  which  the  spectrum  is 
formed  shall  be  protected  from  the  intense  yellow 
light  of  the  burning  sodium  :  none  of  these  pre- 
par-'.tions  exert  the  slightest  influence  upon  the 
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continuous  spectrum  r  v  v,  i\  on  the  screen.  A 
piece  of  sodium  the  size  of  a  pea  is  placed  in  a 
platinum  spoon  /,  and  brought  into  the  gas  flame;  the 
sodium  ignites,  and  forms  a  dense  cloud  of  vapour 
through  which  the  rays  of  the  electric  light  must 
pass.  On  the  screen  is  seen  a  stripe  D  of  intense 
blackness,  precisely  in  the  place  marked  in  where 
the  bright  sodium  line  before  appeared  ;  the  sodium 
vapour  has,  partially  at  least,  absorbed  or  ex- 
tinguished from  the  white  light  of  the  incandescent 
carbon  the  yellow  light  of  the  same  degree  of  re- 
frangibility  as  the  sodium  vapour  emitted.  If  the 
sodium  be  withdrawn  from  the  gas  flame,  the  black 
line  immediately  disappears  from,  the  screen  ;  if  it 
be  re-introduced,  the  black  line  again  appears  pre- 
cisely in  the  same  place.  The  sodium  vapour 
therefore  absorbs  the  same  light,  that  is  to  say  the 
same  coloured  rays,  which  it  emits  in  a  luminous 
state. 

The  instructive  experiment  of  the  reversal  of  the 
sodium  line  may  be  made  in  another  way,  which  is 
not  less  fitted  than  the  preceding  one  to  give  a 
clear  illustration  of  certain  phenomena  of  the  solar 
spectrum.  For  this  purpose  the  lower  pole  of  the 
electric  lamp  is  replaced  by  a  cylinder  of  carbon 
half  an  inch  thick,  the  upper  surface  of  which, 
slightly  hollowed  out  (Fig.  82),  contains  a  piece  of 
sodium  the  size  of  a  pea.  The  Bunsen  burner  G,  and 
the  pasteboard  screen  S,  are  removed,  while  the  lens 
L,  the  prism  P,  and  the  large  screen  remain  undis- 
turbed.   To  prevent  the  intense  incandescence  ot 
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the  carbon,  and  the  consequent  appearance  of  the 
white  electric  light,  the  two  poles  are  separated  after 
the  first  contact  somewhat  wider  than  is  usual  (rather 
more  than  of  an  inch) :  only  a  faint  continuous 
spectrum  is  formed,  and  the  lamp  emits  only  the 
intensely  yellow  light  of  the  burning  sodium.  As 
soon  as  the  electric  current  passes,  the  sodium 
begins  to  glow  strongly,  and  a  single  band  of  bril- 


FiG.  82. 


Volatilization  of  Sodium  in  the  Electric  Light. 

liant  yellow  about  two  inches  wide  is  seen  upon  the 
screen,  which  is  the  spectrum  of  the  luminous 
sodium  vapour.  But  in  a  few  seconds  a  sharply 
defined  deep  black  line  about  an  inch  wide  appears 
in  the  middle  of  this  yellow  band,  while  the  remain- 
ing portion  of  the  colour  fades  away.  The  bright 
yellow  sodium  line  has  become  changed  into  a  dark 
line,  which  continues  as  long  as  the  combustion  of 
the  sodium  lasts. 
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In  this  case  the  reversal  is  easily  explained  in  the 
following  manner.    The  sodium  becomes  first  in- 
tensely heated,  and  its  vapour  emits  its  yellow 
light;  immediately  afterwards  a  great  portion  of 
the  sodium  is  converted  into  vapour  by  the  great 
heat  of  the  electric  arc,  and  envelopes  the  small  lu- 
minous portion  about  the  sodium  in  a '  dense  cloud  of 
non-luminoiLs  sodium  vapour.    The  yellow  light  of 
the  small  luminous  portion  of  the  sodium  vapour 
must  pass   through  this   large  cloud  of  sodium 
vapour  of  a  lower  temperature,  and  is  absorbed  by 
it  before  reaching  the  slit  of  the  lamp.    We  may 
repeat  the  conclusive  inference :    The  vapoiir  of 
sodiw7i  absorbs  p7'-ecisely  the  same  light  that  luminous 
soditmi  vapour  emits. 

Without  employing  either  the  electric  or  Drum- 
mond's  light,  this  phenomenon  may  be  exhibited 
by  the  following  simple  but  ingenious  contrivance 
of  Bunsen's.  It  consists  (Fig.  83)  of  two  bottles, 
A,  B,  containing  zinc  and  common  salt,  and  both 
nearly  filled  with  a  very  diluted  solution  of  hydro- 
chloric acid.  Each  bottle  is  closed  with  an  India- 
rubber  stopper  pierced  with  two  holes,  one  of  which 
in  each  stopper  serves  for  a  gas  burner  of  different 
construction. 

In  one  hole  of  the  lamp  A  is  a  bent  glass  tube 
b  for  the  introduction  of  coal  gas  from  a  common 
gaspipe ;  in  the  other  opening  is  the  tube  r,  which 
is  narrowed  at  the  top,  serving  for  the  escape  of  the 
gas.  The  other  lamp  B  is  fitted  up  in  the  same 
manner  as  A,  with  the  exception  that  the  escape 
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tube  c'  is  bent  and  terminates  in  a  much  smaller 


opening". 

Fig.  83. 


Bunsen's  Apparatus  for  the  Absorption  of  the  Light  of  Sodium. 


Over  each  of  these  glass  tubes  c  and  c'  is  a 
burner  constructed  of  tin-plate,  which  can  be  moved 
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Up  and  down.  The  burner  d  of  the  lamp  A  is 
cylindrical  below,  and  spreads  out  above  in  the 
shape  of  a  fan,  so  as  to  form  a  narrow  and  some- 
what arched  slit  of  about  an  inch  in  length.  The 
burner  e  of  the  lamp  B  is  cylindrical  throughout, 
and  is  covered  with  a  conical  shaped  chimney  /z, 
which  slides  up  and  down  the  tube  e.  As  the  top 
of  the  chimney  has  an  opening  only  an  inch  in 
diameter,  which  can  be  still  further  diminished  by 
the  addition  of  another  cover  with  a  yet  smaller 
aperture,  the  gas  when  ignited  forms  a  conical-shaped 
pointed  flame  d,  which  can  be  reduced  by  means 
of  the  stopcock  of  the  gas  tube  to  about  an  inch  in 
length.  The.flame  g  of  the  lamp  A,  on  the  con- 
trary, is  very  large  and  broad,  owing  to  the  size 
of  the  emission  tube  and  the  compression  of  the 
wide  burner  df.,  and  presents  a  luminous  surface  of 
some  extent. 

The  bottles  are  used  for  the  purpose  of  mixing 
a  little  common  salt  (chloride  of  sodium)  with  the 
hydrogen  gas  formed  by  the  action  of  the  diluted 
hydrochloric  acid  on  the  zinc.  The  hydrogen  gas 
as  it  rises  mixes  with  the  coal  gas,  and  carries  the 
chloride  of  sodium  into  both  flames,  producing  in 
this  way  the  brilliant  yellow  light  of  sodium  vapour. 

Both  lamps  are  placed  very  near  to  each  other, 
so  near  indeed  that,  as  shown  in  Fig.  84,  the  flame 
g  of  the  lamp  A  serves  as  a  background  to  the 
Ikmp  B.  In  this  position  the  small  flame  d,  notwith- 
standing the  brilliant  light  of  the  flame  g  imme- 
diately behind  it,  appears  quite  dark  and  smoky. 
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indeed  almost  black,  when  all  conditions  are  favour- 
able,— the  burner  and  chimney  rightly  placed,  and 
the  supply  of  gas  suitably  adjusted.  The  heat  flame 
g  emits  with  intense  brightness  the  light  of  sodium  ; 
the  small  sodium  flame  d  in  front  of  it  absorbs 
these  rays  as  they  pass  through  it;  and  as  it  is 
much  less  luminous  than  the  flame  ^,  it  appears 
dark  by  contrast  with  the  bright  background. 


Fig.  84. 


Absorption  of  the  Sodium  Flame. 

Desaga  of  Heidelberg,  the  constructor  of  this 
apparatus,  has  lately  much  simplified  it  by  uniting 
the  two  burners,  and  fixing  the  common  supply 
tube  by  means  of  a  single  stopper  on  to  a  larger 
bottle. 

The  experiment  of  reversal  may  be  easily  shown 
by  the  use  of  a  spectroscope  in  the  following 
manner.     The  instrument  is  so  directed  on  to  a 
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Spirit  lamp  that  when  a  grain  of  salt  is  dropped 
into  the  flame  a  well-defined  spectrum  consisting  ol 
the  well-known  yellow  sodium  line  is  formed.  The 
flame  is  then  brought  close  in  front  of  the  slit,  and 
a  piece  of  newly  cut  metallic  sodium,  the  size  of  a 
pea,  is  placed  over  the  flame  in  a  wire  netting. 
The  flame  cannot  pass  the  wire,  yet  the  sodium 
begins  at  once  to  burn,  and  the  brilliant  yellow 
sodium  line  is  seen  in  the  spectroscope  :  ver}^  soon, 
however,  a  black  line  appears  in  the  same  place  ver}^ 
sharply  defined  against  the  bright  background. 
Here  also  the  brilliant  luminous  vapour  of  the 
burning  sodium  is  enveloped  in  a  dense  cloud  of 
feebly  luminous  sodium  vapour  which  completely 
absorbs  the  greater  part  of  the  yellow  sodium 
light. 

We  can  now  readily  predict  what  appearance  will 
be  presented  in  the  spectroscope  if  the  light  of  an 
incandescent  solid  or  liquid  body,  before  entering 
the  slit  of  the  instrument,  pass  through  a  less  highly 
heated  atmosphere  of  any  kind  of  vapour,  such  as  that 
of  sodium,  lithium,  iron,  etc.  The  incandescent  body 
would  have  produced  a  continuous  spectrum  if  its 
light  had  sustained  no  change  on  the  way ;  but  in 
the  vaporous  atmosphere  through  which  its  rays 
must  pass,  each  vapour  absorbs  just  those  rays 
which  it  would  have  emitted  if  luminous,  thereby 
extinguishing  these  particular  colours,  and  substi- 
tuting for  them  dark  bands  in  those  places  of  the 
continuous  spectrum  where  it  would  have  produced 
bright  lines.    The  spectroscope  shows  therefore  a 
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continuous  spectrum  extending  through  the  whole 
range  of  colours  from  red  to  violet,  but  intersected 
by  dark  lines  ;  the  sodium  line,  the  two  lithium 
lines,  the  numerous  iron  lines,  etc.,  appear  on  the 
coloured  ground  of  the  continuous  spectrum  as  so 
many  dark  lines. 

Spectra  of  this  kind  are  evidently  absorption 
spectra;  they  are  also  called  reversed  or  covipouud 
spectra.  If  a  complete  coincidence  can  be  established  in 
such  a  spectrum  by  means  of  either  a  prism  of  com- 
parison (§28),  or  a  scale  (§25),  between  the  charac- 
teristic bright  lines  of  the  gas  spectrum  of  a  certain 
substance  with  the  same  number  of  dark  lines,  the 
conclusion  may  be  admitted  that  in  the  absorptive 
atmosphere  which  has  produced  the  dark  lines,  the 
same  substance  is  contained  in  a  condition  of 
vapour.  The  wide  influence  which  this  result  of 
Kirchhoff's  discovery  has  on  the  investigation  of 
the  physical  constitution  of  the  heavenly  bodies, 
is  shown  by  the  consideration  that  as  the  various 
substances  of  this  earth  can  be  recognized  by  their 
simple  gas  spectra,  so  the  reversed  gas  spectra 
afford  the  key  to  the  recognition  of  the  matter  of 
which  the  heavenly  bodies  are  composed ;  and, 
indeed,  so  important  is  the  part  which  they  play 
in  the  analysis  of  the  stellar  world,  that  we  may 
well  be  excused  if  we  linger  a  while  longer  on  this 
subject. 

The  question  will  occur  to  every  one  on  reflec- 
tion— why,  if  the  weak  sodium  flame  absorb  the 
yellow  rays   from  the   intense  white   light  that 
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passes  through  it,  do  not  the  yellow  rays  of  the 
flame  itself  again  replace  the  yellow  sodium  line? 
A  somewhat  closer  investigation  of  all  the  influences 
at  work  will  not  only  give  materials  for  fully  an- 
swering this  inquiry,  but  afford  the  means  also  of 
clearly  explaining  the  cause  and  true  nature  of  the 
dark  lines. 

Let  I  designate  the  intensit}^  of  the  ivJnte  light 
of  the  incandescent  solid  or  liquid  body,  taking 
the  electric  light  as  an  example,  i  that  of  the  ab- 
sorptive flame,  which  for  the  sake  of  simplicity 

we  will  suppose  to  be  a  sodium  flame,  and  -  the 

n 

proportion  between  the  absorptive  and  the  emissive 
powers  of  this  flame — that  is  to  say,  -  is  lost  by 

absorption  from  the  total  intensity.  If  then  the 
white  light  I  pass  through  the  sodium  flame,  and 

suffer  a  loss  in  intensity  by  absorption  of  \  there 

will  be  in  the  place  of  the  spectrum  where  the 
sodium  line  appears,  which  we  will  call  D,  an 

amount  of  light  equal  to  I  —   +  i.    The  amount  of 
I 

absorption  diminishes  the  intensity  of  the  spec- 
trum at  the  spot  D,  but  the  intensity  of  the  sodium 
flame  will  to  a  greater  or  less  degree  supply  the 
deficiency.  If  the  amount  of  the  absorption  were 
precisely  equal  to  the  intensity  /,  the  intensity  of 
the  spectrum  at  the  spot  D  would  be  just  as  great 
as  that  of  the  neighbouring  parts,  and  there  would 
therefore  be  no  interruption  of  the  spectrum  ;  there 
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would  neither  be  a  dark  line  nor  a  bright  line 
visible.    If  the  intensity  /  of  the  sodium  flame  be 

o-reater  than  the  absorption  -,  the  briq-htness  of  the 

spot  D  in  the  spectrum  would  be  greater  than  on 
either  side  of  it,  and  there  would  appear  at  this 
place  a  bright  yellow  sodium  line,  although  the 
white  light  had  passed  through  the  absorptive 
flame  ;  the  reverse  will  be  the  case  if  the  intensity  i 
of  this  flame  be  less  than  the  w^hole  absorption  ;  the 
brightness  of  the  spectrum  at  the  spot  D  will  then 
be  less  than  that  of  the  surrounding  parts.  In  the 
last  case,  however,  this  want  of  light  will  appear  as 
a  shadow  by  contrast  with  the  brightness  of  the 
neighbouring  places,  and  the  usual  bright  yellow 
sodium  line  will  seem  to  be  a  dark  line. 

It  will  be  seen  further,  from  this  investigation, 
that  in  the  places  where  the  dark  absorption  lines 
appear  there  is  by  no  means  a  total  absence  of  light; 
therefore  these  lines  should  not  be  described  as  quite 
black  ;  but  in  contrast  with  the  surrounding  bril- 
liancy produced  by  the  full  undiminished  light  of 
the  incandescent  solid  or  liquid  body,  these  lines 
appear  quite  black  even  when  their  brightness  ex- 
ceeds that  of  the  absorbing  vapour. 

The  whole  action  of  the  reversal  of  a  bright 
spectrum  line  into  a  dark  one  rests  on  the  pro- 
portion between  the  absorptive  power  and  the 
compensating  emissive  power  in  the  absorbing 
vapour :  the  greater  the  absorptive  power,  and  the 
less  the  emissive  power,  further,  the  greater  the 
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light  of  the  incandescent  body,  so  much  the  darker 
will  the  reversed  lines  appear  to  be. 

The  following  table  will  serve  to  elucidate  the 
foregoing  remarks,  by  giving  four  examples  for  the 
sodium  line  : — 


No. 


The  Inten-  rp,  t„^„„ 
/■  ^1     i  he  Inten- 
sity of  the  ^-i,,  „r 

T  -  u'-  Sodium 
Light  IS  ' 

called 


Flame  is 


lO 

lOO 
lOO 


The  Absorp- 
tive Power  of 
the  Sodium 
Vapour  is 


1. 
4- 


5. 


The  Intensity  of  theSpectrum 

The  Sodium 

before  I  in  |  behind  Line  appears 

i  I  therefore 

the  Sodium  Line  is  then 


2 
20 


3- 

2 

4 

2^ 

2 

2 

bright. 

1 1  — 

: ;  i 

4  ^ 

8^ 

10 

dark. 

lOI  — 

IOC 
2 

51 

100 

darker. 

lOI  — 

300  _ 

4  ~ 

26 

100 

very  dark. 

In  the  first  case,  the  place  D  is  \  brighter  than 
the  surrounding  parts  of  the  spectrum,  therefore 
it  appears  as  a  bright  sodium  line  ;  in  No.  2,  the 
brightness  of  the  place  D  is  only  equal  to  8?,  while 
that  of  either  side  is  10 ;  it  is  therefore  not  so  bright 
at  D  as  at  the  side  of  D,  and  in  consequence  D 
appears  dark  against  the  surrounding  parts  of  the 
spectrum.  In  No.  3,  the  contrast  is  still  greater 
between  the  light  at  D51  and  that  at  the  side 
100.  Finally,  in  No.  4,  where  the  absorptive  power 
of  the  flame  is  assumed  to  be  J,  the  contrast  be- 
tween the  strength  of  light,  100  and  26,  is  so  great 
that  the  line  seemc  almost  black.  The  intensity 
with  which  the  yellow  line  of  sodium  and  the  red 
line  of  lithium  appear  when  these  substances  are 
heated  in  a  Bunsen  burner,  warrants  the  conclusion 
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that  these  metals  would  also  absorb  with  great 
power  rays  of  the  same  refrangibility,  and  therefore 
the  assumed  absorptive  power,  |,  given  in  the  last 
example,  is  considerably  below  the  truth. 


PART  THIRD. 


SPECTRUM   ANALYSIS   IN   ITS  APPLICATION 
TO  THE  HExWENLY  BODIES. 


SPECTRUM  ANALYSIS  IN  ITS  APPLICA- 
TION TO  THE  HEAVENLY  .BODIES. 


41.  The  Solar  Spectrum  and  the  Fraunhofer 

Lines. 


HE  most  brilliant  example  of  a  reversed  spec- 


X    trum, — that  is  to  say,  a  continuous  spectrum 
crossed  by  dark  absorption  lines, — is  afforded  by  the 
sun.   If  an  ordinary  spectroscope,  armed  with  a  tele- 
scope of  low  power,  be  directed  to  a  bright  sky  with  a 
rather  wide  opening  of  the  slit,  a  magnificent  con- 
tinuous spectrum  will  be  seen,  exhibiting  the  most 
beautiful  and  brilliant  colours  without  either  bright 
or  dark  lines.    But  if  the  slit  be  narrowed  so  as  to 
'Obtain  the  purest  possible  spectrum  (§  21),  and  the 
:  focus  of  the  telescope  be  very  accurately  adjusted, 
ithe  spectrum,  now  much  fainter,  will  be  seen  to  be 
icrossed  by  a  number  of  dark  lines  and  cloudy  bands. 
Ilf,  by  the  use  of  several  prisms  (§  19),  the  spectrum 
:be  lengthened,  and  a  higher  magnifying  power  em- 
iployed,  these  thick  lines  and  bands  will  become  re- 
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solved  into  separate  fine  lines  and  groups  of  lines, 
which  are  so  sharply  defined  and  so  characteristically 
grouped  that  by  the  help  of  a  scale  they  are  easily 
impressed  upon  the  memory  and  distinguished  one 
from  another. 

As  early  as  1802  these  dark  lines  in  the  solar 
spectrum  had  been  observed  and  described  by  Wol- 
laston  ;  later,  in  18 14,  they  were  more  carefully 
examined  and  mapped  by  Fraunhofer,  of  Munich ; 
and  later  still  by  Becquerel,  Zantedeschi,  Matthies- 
sen,  Brewster,  Gladstone,  and  others ;  but  their 
origin  and  nature  remained  a  mystery,  notwith- 
standing the  acutest  reasoning  and  most  painstaking 
researches  of  many  able  physicists,  until  Kirchhoff 
made  his  splendid  discovery  in  1859. 

Fraunhofer  was  able  to  distinguish  with  certainty 
about  600  lines  ;  he  found  also  that  with  the  same 
prism  and  telescope  they  always  kept  the  same 
relative  order  and  position,  and  were  therefore 
peculiarly  adapted  to  serve  as  marks  for  denoting 
the  place  of  any  single  set  of  coloured  rays,  and 
for  determining  the  refrangibility  of  any  particular 
colour. 

To  facilitate  reference  to  any  of  the  innumerable 
colours  of  the  solar  spectrum  (Frontispiece  No. 
11),  Fraunhofer,  whose  drawing  is  accurate^  repre- 
sented in  Fig.  85,  selected  out  of  the  great  number 
he  observed  eight  characteristic  lines  situated  in  the 
most  important  places  of  the  spectrum,  which  he 
designated  by  the  letters  A,  B,  C,  D,  E,  F,  G,  H  ;  of 
these  lines  A  and  B  lie  in  the  red,  C  in  the  red  near 
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the  orange,  D  in  the  orange, 
forminof  a  double  line  with  a 
high  power,  E  in  the  yellow,  F 
on  the  borders  of  the  green 
and  blue,  G  in  the  dark  blue  or 
indigo,  and  H  in  the  violet. 
Besides  these  lines,  there  is  a 
noticeable  group  a  of  fine  lines 
between  A  and  B,  and  also  a 
group  (5,  consisting  of  three  fine 
lines,  between  E  and  F.  It  was 
remarked  even  by  Fraunhofer 
that  the  position  of  the  two 
dark  lines  in  the  solar  spectrum 
designated  by  him  D,  were  co- 
incident with  the  two  bright 
lines  shown  by  the  light  of  a 
lamp,  now  known  as  the  double 
sodium  line.  These  dark  lines 
of  the  solar  spectrum  have  been 
called,  after  their  discoverer,  the 
Fraunhofer  lines. 

After  Fraunhofer,  Zantedes- 
chi.  Professor  of  Physics  in  the 
University  of  Padua,  devoted 
himself  to  the  investigation  of 
the  dark  lines  in  the  solar  spec- 
trum, upon  which  work  he  had 
already  entered  in  the  year 
1 846.  He  deviated  from  Fraun- 
hofer's  method  of  observation 
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by  introducing  the  prism  between  two  condens- 
ing lenses  ;  the  slit  was  placed  in  the  focus  of  one 
lens,  while  the  other  served  to  project  the  spec- 
trum on  to  a  screen.  By  this  means  he  constructed 
an  apparatus  which  in  all  essential  points  differed 
little  from  the  spectroscope  now  in  use.*  The  im- 
portant sphere  destined  to  prismatic  analysis  did 
not  escape  the  penetration  of. this  physicist,  since 
in  his  work  "  Ricerche  fisico-chimiche-hsiologiche 
suUa  luce,"t  he  thus  expresses  himself  in  speaking 
of  the  significance  of  the  spectrum  : — 

"  The  solar  spectrum  is  the  most  perfect  photo- 
scope  that  in  the  present  state  of  science  can  be 
imagined.  Light  itself  exhibits,  and  registers  with 
wonderful  minuteness,  the  changes  occurring  in  the 
constitution  of  a  luminous  body,  or  in  the  medium 
through  which  the  light  passes.  I  therefore  recom- 
mend to  the  scientific  investigator  a  camera  obscura 
specially  adapted  to  these  photoscopic  observations. 
I  am  convinced  that  such  investigations  will  prove  of 
the  highest  value,  not  only  in  the  study  of  light, 
but  also  in  the  departments  of  meteorology  and 

*  [The  ingenious  use  of  a  collimating  lens,  with  the  slit  placed 
in  its  focus,  by  which  a  spectroscope  is  made  so  much  more 
manageable,  and  without  which  arrangement  many  of  the  recent 
applications  of  this  instrument  would  have  been  scarcely  possible, 
seems  to  have  been  independently  adopted  by  several  observers 
about  the  same  time.  Professor  Swan  made  use  of  this  arrange- 
ment in  experiments  on  the  ordinary  refraction  of  Iceland  spar  in 
1847;  and  the  distinguished  optician  Mr.  Simms  constructed  a 
collimator,  in  place  of  a  distant  slit,  at  the  suggestion  of  the 
present  Astronomer  Royal,  in  1848.] 

t  Venezia,  1846.    Typ.  G.  AntonelH. 
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astronomy.  Light,  which  in  these  days  is  commis- 
sioned to  be  the  painter  of  nature,  may  also  become 
its  own  delineator,  since  it  is  ever  disclosing  new 
wonders  out  of  the  mystery  of  its  being,  and  reveal- 
ing those  constant  changes  which  are  taking  place, 
not  only  in  our  planetary  system,  but  throughout 
the  whole  universe." 

By  a  careful  investigation  of  the  spectra  formed 
by -prisms  of  different  substances,  it  is  found  that 
the  same  colours  do  not  occupy  the  same  propor- 
tionate space  in  each  spectrum  ;  with  a  prism  of  flint 
glass,  for  instance,  there  is  proportionately  less  red 
and  more  blue  and  violet  than  with  a  prism  of  crown 
glass.  The  greater  the  difference  between  the  refrac- 
tive powers  of  a  substance  for  the  red  and  the  violet 
rays,  the  greater  will  be  the  distance  over  which  the 
colours  are  spread, — in  other  words,  the  greater  will 
be  the  dispersive  power.  The  length  of  the  spectrum 
depends  essentially  upon  this  dispersion,  and  it  is 
therefore  not  a  matter  of  indifference  whether  a 
prism  of  flint  glass,  of  crown  glass,  of  water,  or  of 
bisulphide  of  carbon  be  employed  for  producing  the 
solar  spectrum. 

Fig.  86  exhibits  clearly  the  various  dispersive 
powers  of  the  different  substances,  flint  glass,  crown 
glass,  and  water.  The  spectrum  obtained  by  a  flint- 
glass  prism  is  about  twice  the  length  of  that  given 
by  a  similar  sized  crown-glass  prism,  and  nearly 
three  times  the  length  of  that  from  a  hollow  glass 
prism  of  the  same  form  filled  with  water.  The 
spectrum  produced  by  a  prism  of  bisulphide  of 
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carbon  is  very  much  longer  than  that  given  by  a 
flint-glass  prism,  and  this  even  is  surpassed  by  one 
obtained  from  oil  of  cassia. 

As  the  length  of  the  spectrum  is  increased,  the 
separation  between  the  Fraunhofer  lines  increases 
also,  but  by  no  means  in  equal  proportions.  If, 
for  example,  the  spectrum  of  the  flint-glass  prism 
were  exactly  twice  the  length  of  that  of  the  crown- 
glass  prism,  the  distance  between  any  two  dark  lines, 

Fig.  86. 


B  C  D 


uc  i>    r  !•      G  I 


Solar  Spectmm  with  Prisms  of  Flint  Glass,  Crown  Glass,  and  Water. 

F  and  B  for  instance,  will  not  be  exactly  twice  as 
great  in  the  one  spectrum  as  in  the  other.  In  the 
water  spectrum  F  B  ==  F  H,  the  crown-glass  spec- 
trum is  longer,  but  the  various  divisions  formed  by 
the  Fraunhofer  lines  have  not  increased  in  equal 
proportions.  In  the  water  spectrum  F  B  =  F  H, 
while  in  the  crown-glass  spectrum  F  B  is  somewhat 
smaller  than  F  H  ;  by  this  latter  prism,  therefore, 
the  blue  and  violet  end  is  rather  further  extended 
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in  comparison  with  the  red  and  yellow  end  than  by 
the  water  prism. 

This  difference  is  still  more  obvious  in  comparing 
the  two  spectra  of  the  water  and  the  flint-glass 
prisms  with  an  equal  deviation  of  the  light  corre- 
sponding to  the  line  B ;  the  difference  in  the  pro- 
portion of  F  B  to  F  H  is  smaller  in  the  flint-glass 
spectrum  than  in  the  water  spectrum,  and  this 
difference  is  more  apparent  than  in  the  crown-glass 
spectrum. 

It  would  therefore  be  an  error  to  take  for  granted, 
as  some  have  done,  that  the  distances  between  in- 
dividual dark  lines  in  the  spectrum  change  in  the 
same  proportion  as  the  entire  length  of  the  spectrum  ; 
even  if  the  dispersive  power  of  any  substance  be 
known  for  the  outside  rays,  or  for  the  lines  B  and  H, 
the  amount  of  separation  between  the  intervening 
lines  of  the  spectrum  cannot  be  deduced  from  this ; 
the  relative  position  of  these  lines  must  be  specially 
ascertained  for  each  refracting  substance.  An 
accurate  knowledge  of  the  peculiar  conditions  of 
the  spectrum  apparatus  employed  must  therefore  be 
acquired  by  every  observer  before  he  can  venture  to 
direct  attention  to  the  results  of  the  observations 
made  with  it ;  he  must  become  familiar  with  the 
precise  places  of  all  the  chief  lines  and  groups  of 
lines  seen  in  the  solar  spectrum,  so  that  in  the  ex- 
amination of  any  particular  line,  whether  in  the 
spectrum  of  a  terrestrial  substance  or  of  a  heavenly 
body,  he  may  knew  at  once,  at  least  approximately, 
to  which  of  the  Fraunhofer  lines  it  lies  nearest. 
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The  instrument  used  by  Kirchhoff  in  his  investiga- 
tions on  the  solar  spectrum  is  represented  in  Fig. 
53,  in  connection  with  which  it  was  stated  that  the 
amount  of  dispersion,  or  the  length  of  the  spectrum, 
increases  with  the  number  of  prisms  employed.  By 
the  use  of  such  a  powerful  instrument  a  number  of 
dark  lines  that  appear  to  be  single  in  smaller  spec- 
troscopes become  resolved  into  several  individual 
lines  ;  the  D-line  even  with  a  moderate  power  is 
separated  into  two  fine  lines,  and  shows  besides  a 
cloudy  band  of  still  further  resolvability. 

It  is  self-evident  that  with  a  great  dispersion  of  the 
light,  by  which  the  spectrum  is  greatly  lengthened, 
the  intensity  of  each  group  of  colours  will  be  con- 
siderably diminished.  By  the  use  of  a  sufficient 
number  of  prisms  the  brilliant  solar  spectrum  may  be 
reduced  almost  to  invisibility,  and  an  excellent  means 
is  herewith  providied,  as  will  be  seen  later  on,  for 
reducing  the  excessive  brilliancy  of  the  solar  light 
to  the  requisite  amount  when  observing  phenomena 
on  the  sun's  limb. 

42.  Kirchhoff' s  Scale  of  the  Solar  Spectrum. 

To  facilitate  the  observation  and  recognition  of 
the  numerous  dark  lines  in  the  solar  spectrum,  and 
to  determine  accurately  their  position  and  relative 
distances  one  from  another,  the  mapping  of  all  the 
visible  lines  must  be  made  according  to  a  given 
scale,  or  else  in  accordance  with  a  certain  scale 
adopted  once  for  all,  and  this  scale  taken  as  a  basis 
for  measuring  or  estimating  the  place  of  any  par- 


KIRCHHOFFS  SCALE. 


ticular  line.  Kirchhoff,  with  an 
expenditure  of  time  and  trouble  ^ 
truly  admirable,  was  the  first  cs 
to  undertake  these  measures  for 
certain  portions  of  the  spec- 
trum. The  instrument  which 
he  employed,  consisting  of  four  ° 
prisms,  has  been  already  shown 
in  Fig.  53  ;  from  this  drawing 
it  will  be  seen  that  he  made  use 
of  a  divided  circle,  fixed  to  the 
head  of  the  micrometer  screw 
R,  by  which  the  cross-wires  of 
the  telescope  B  could  be  brought 
to  coincide  with  each  of  the  dark 
lines  of  the  spectrum.  The 
eyepiece  was  so  placed  that 
the  threads  of  the  cross- wires 
formed  angles  of  45°  with  the 
dark  lines ;  the  point  of  inter- 
section of  the  wires  was,  by 
means  of  the  micrometer  screw 
R,  placed  in  succession  over 
every  one  of  these  lines,  and 
the  division  on  the  screw-head 
(Fig.  51)  read  off;  an  estima- 
tion of  the  degree  of  intensity 
and  breadth  of  the  lines  was  re- 
corded  at  the  same  time. 

In  tabulating  these  mea-  " 
sures,  Kirchhoff  employed  as  a 
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basis  a  scale  divided  into  millimetres,  and  selected 
an  arbitrary  starting-point :  each  millimetre  corre- 
sponded to  a  division  on  the  micrometer  screw-head. 
The  drawings  published  by  Kirchhoff  embrace  a 
portion  of  the  spectrum  extending  from  the  line  D 
to  a  little  beyond  F,  and  occupy  a  length  of  four 
feet.  The  remaining  portions,  from  A  to  D  and  from 
F  to  G,  have  been  observed  and  measured  bv  Hof- 
mann,  a  pupil  of  Kirchhoff' s,  with  the  same  instru- 
ment, and  according  to  the  same  method  as  the 
first  portion,  and  they  occupy  a  similar  length,  so 
that  the  whole  of  the  solar  spectrum  is  exhibited 
in  a  very  accurate  drawing  of  about  eight  feet  in 
length. 

Fig.  87  is  a  greatly  reduced  copy  of  Kirchhoff' s 
scale,  with  the  principal  Fraunhofer  lines  ;  Plates 
II.  and  III.,  for  permission  to  publish  which  we  are 
indebted  to  the  kindness  of  Professor  Kirchhoff,  and 
to  which  we  shall  again  refer  in  §  44,  give  the  lines 
measured  by  Kirchhoff  and  Hofmann  according  to 
their  width  and  intensity ;  these  maps  are  about  half 
the  size  of  the  original  drawings.* 

The  principal  Fraunhofer  lines  are  numbered  on 
this  scale  as  follows : — 


A  405 

a  505 

B  593 

C  694 

D'l  ioo2*8 


E      15227       !        h  3371 
bx]    1633-4  H:    356S  (?) 

ba^,  1648-3 


baj  1655-0 
F  2080 


H2  is,  according 
to  Kirch  ho  ft", 
uncertain. 


dJ  1006-8       i        G  2855 


*  Monatsberichte  der  Berliner  Akademie  der  Wissenschaften, 
1859. 
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43.  Angstrom's  Normal  Solar  Spectrum. 

It  is  a  grave  objection  to  the  plan  of  mapping  the 
solar  spectrum  according  to  the  positions  and  rela- 
tive distances  of  the  dark  lines, — their  i7id ices  0/ re- 
fraction (p.  69), — that  the  position  of  these  lines  is 
considerably  affected  by  the  number  and  composi- 
tion of  the  prisms  employed ;  and  therefore  the 
appearance  of  the  spectrum,  and  the  drawings  made 
from  it,  vary  according  to  the  construction  of  the 
instrument.  Fraunhofer  was  the  first  to  undertake 
the  determination  of  the  wave-lengths  of  those 
colours,  the  places  of  which  are  occupied  by  the 
principal  dark  lines  of  the  solar  spectrum  ;  the  sub- 
sequent labours  of  Ditscheiner,  van  der  Willigen, 
Mascart,  and  Gibbs  perfected  this  method,  and 
applied  it  to  a  greater  number  of  lines,  until  at  length 
the  task  was  completed,  with  the  aid  of  the  best 

o 

instruments,  by  Angstrom  of  Upsala,  whose  work  is 
characterized  by  such  accuracy  and  completeness 
as  to  render  it  worthy  of  the  highest  admiration, 
to  be  regarded  as  a  pattern  to  all  investigators.* 

*  [For  the  preparation  of  his  normal  solar  spectrum,  which  is 
described  in  the  text,  and  which  is  represented  in  an  atlas  of  six 

o 

maps,  Angstorm  employed,  in  place  of  a  prism,  a  grating — that  is, 
a  piece  of  plain  glass  ruled  closely  with  fine  lines.  This  grating 
was  placed  in  the  position  in  which  usually  a  prism  is  placed, 
between  the  object  glass  of  the  collimator  and  that  of  the  observ- 
ing telescope.  Three  gratings  were  employed  by  Angstrom,  one 
containing  4,501  lines  within  the  length  of  nine  Paris  lines,  a 
second  having  2,701  hues,  and  a  third  1,501  lines  within  the  same 
length.  The  spectrum  from  a  grating  by  diffraction,  unlike  that 
produced  by  a  prism,  is  always  truly  normal — that  is,  the  relative 
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The  number  of  dark  lines  measured  by  Ang- 
strom, with  the  aid  and  co-operation  of  Thalen, 
amount  to   i  ,000 ;  and  the  wave-lengths  of  the 
colours  corresponding  to  these  lines  are  accurately 
determined  in  units  of  a  teri-inillionth  ■  of  a  niilli- 
77ietye.    In  the  original  maps,*  [Plates  IV.,  V.,  VI.,] 
the  whole  solar  spectrum  from  a  to      is  represented 
in  eleven  parts,  which  when  joined  together  form 
a  length  of  about  eleven  feet.    The  upper  edge  of 
each  part  is  provided  with  a  scale  divided  into 
millimetres  ;  each  millimetre  of  the  scale  repre- 
sents a  difference  of  wave-length  equal  to  the  ten- 
millionth  of  a  millimetre  (o'OOGOOOi),  and  as  the 
tenth  of  a  millimetre  may  be  estimated  with  suffi- 

o 

cient  accuracy,  the  scale  used  by  Angstrom  will 
show,  with  approximate  correctness,  the  wave- 
lengths of  lines  to  the  hundred-millionth  of  a 
millimetre. 

As  the  red  rays  {a,  B,  C)  have  a  greater  wave- 
length than  the  blue  (G),  or  the  violet  (H),  the 
numbers  denoting  the  divisions  of  the  scale  decrease 
in  succession  from  red  to  violet,  in  the  reverse  order 
of  Kirchhoff's  uniform  scale.  An  eighth  part  of  the 
original  drawing,  in  which  the  line  F  is  included, 
is  given  in  Fig.  88.  This  line  is  situated  close  to 
the  division  of  the  scale  marked  4860,  whence  it 

distances  of  the  Fraunhofer  lines  correspond  precisely  with  the 
differences  of  wave-length  of  the  light  in  the  parts  of  the  spectrum 
where  they  occur,] 

*  Recherches  sur  le  Spectre  Solaire,  par  A.  J.  Angstrom. 
Spectre  Normal  du  Soleil,  Atlas  de  six  planches.  Upsal,  W. 
Schultz.    (Berlin,  F.  Diimmler,  1869.) 
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may  be  concluded  that  the  wave-length  of  the 
greenish-blue  colour  corresponding  to  the  F-line 
amounts  to  0*0004860  of  a  millimetre.  The  lines 
to  the  right  of  F  possessing  a  greater  wave-length 
are  towards  the  red,  while  those  to .  the  left  are 
in  the  direction  of  the  violet.  The  line  marked  m 
in  the  figure  corresponds  to  a  colour  possessing 
a  wave-length  of  0*000495 65  of  a  millimetre,  that 
marked  to  a  wave-length  of  0*00050064  of  a 
millimetre,  that  marked  to  a  wave-length  of 
0*00048481  of  a  millimetre,  etc. 

Angstrom  determined  the  wave-lengths  of  the 
principal  lines  in  the  solar  spectrum  to  be  as 
follows  : 

A       0*00076009  Mm.  bi  \      0-00051830  Mm. 

a        0-00071850    „  b2  I     0-00051720  „ 

B       0-00068668    „  bs  i      0-00051667  „ 

C       0*00065618    „  F         0-00048606  „ 

Dj  I  0-00058950    „  G         0-00043072  „ 

D2  i  0-00058890    „  h         0.00041012  „ 

E       0*00052689    „  Hi       0-00039680  „ 

H2       0.00039328  „ 

[These  maps  are  given  in  Plates  IV.,  V.,  and 
VI. :  they  are  about  one-half  the  size  of  the  original 
drawings,  and  are  inserted  by  the  Translators  with 
the  kind  permission  of  Professor  Angstrom.] 

44.  Coincidence  of  the  dark  Fraunhofer  Lines 
WITH  the  bright  Spectrum  Lines  of  Ter- 
restrial Elements. — Kirchhoff's  Maps. 

From  the  coincidence  previously  observed  by 
Fraunhofer  of  the  two  dark  lines  in  the  solar  spec- 
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trum  designated  by  him  D,  with  the  two  bright 
lines  which  Kirchhoff  and  Bunsen  discovered  to  be 
those  of  sodium,  Kirchhoff  was  induced  to  put  this 
coincidence  to  the  most  direct  test  by  obtaining  a 
tolerably  bright  solar  spectrum,  and  then  bringing  a 
sodium  flame  in  front  of  the  slit  of  the  spectroscope. 

"  I  saw,"  says  Kirchhoff,  "  the  dark  lines  D 
change  into  bright  ones.  The  flame  of  a  Bunsen 
lamp  showed  the  sodium  lines  on  the  solar  spectrum 
with  an  unexpected  brilliancy.  In  order  to  find  out 
how  far  the  intensity  of  the  solar  spectrum  might  be 
increased  without  impairing  the  distinctness  of  the 
sodium  lines,  I  allowed  direct  sunlight  to  fall  upon 
the  slit  through  the  sodium  flame,  and  saw  to  my 
astonishment  the  dark  lines  D  standing  out  with 
extraordinary  clearness.  I  replaced  the  light  of  the 
sun  by  Drummond's  light,  the  spectrum  of  which, 
like  that  of  every  other  incandescent  solid  or 
liquid  body,  contains  no  dark  lines ;  when  this  light 
was  allowed  to  pass  through  a  flame  in  which  salt 
was  burning,  dark  lines  appeared  in  the  spectrum 
in  the  position  of  the  sodium  lines.  The  same  thing 
occurred  when,  instead  of  a  cylinder  of  incandescent 
lime,  a  platinum  wire  was  used,  which,  after  being 
made  to  glow  in  a  flame,  was  brought  nearly  to  its 
melting  point  by  the  electric  current." 

Kirchhoff  could  no  longer  doubt,  from  these  ob- 
servations, that  the  existence  of  the  dark  lines  D 
in  the  solar  spectrum  was  due  to  the  presence  of 
vapour  of  sodium  in  the  sun,  and  that  they  must  be 

produced  in  the  sun  by  reversion  (absorption),  in  a 

16 
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manner  similar  to  that  shown  in  the  experiments 
already  described  with  terrestrial  sodium. 

After  the  existence  of  sodium  had  been  thus 
suspected  in  the  sun  with  so  great  an  amount  of 
probability,  Kirchhoff  commenced  the  arduous  un- 
dertaking of  comparing  the  spectra  of  a  variety  of 
terrestrial  substances  with  the  spectrum  of  the  sun, 
to  determine  whether  any  of  the  spectrum  lines  of 
these  substances,  and  if  so  which  of  them,  coincided 
with  the  Fraunhofer  lines, — that  is  to  say,  if  they 
appeared  in  the  spectroscope  in  the  same  place,  and 
were  of  similar  breadth  and  intensity. 

We  have  already  made  acquaintance  with  the 
method  by  which  such  a  comparison  may  be  made  by 
means  of  two  spectra  in  the  same  instrument  (§  28). 
Kirchhoff  allowed  the  light  of  the  sun  to  fall  directly 
into  the  spectroscope,  and  on  to  the  first  large  prism 
through  the  lower  half  of  the  slit,  while  the  upper 
half  was  covered  by  the  small  prism  for  comparison : 
the  rays  from  an  artificial  source  of  light  placed  at 
the  side  were  so  reflected  by  the  prism  into  the  in- 
strument, that  while  the  solar  spectrum  with  the 
Fraunhofer  lines  was  seen  in  the  upper  half  of  the 
field  of  view  in  the  (inverting)  telescope,  there  ap- 
peared below,  and  in  immediate  contact  with  it,  the 
spectrum  of  the  artificial  light.  In  this  way  the 
position  of  the  bright  lines  of  this  spectrum  could 
be  compared  with  great  accuracy  with  that  of  the 
dark  lines  of  the  solar  spectrum. 

The  artificial  light  employed  by  Kirchhoff  was 
almost  exclusively  that  of  the  induction  spark  from 
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a  powerful  ,J[luhmkorff  coil,  with  electrodes  of  small 
pieces  of  such  metals  as  he  wished  to  volatilize  in 
order  to  obtain  their  spectra. 

By  the  comparison  of  these  spectra  with  the  dark 
lines  of  the  solar  spectrum,  Kirchhoff  arrived  at  the 


Fig.  89. 


Coincidence  of  the  Fraunhofer  D-Lines  with  the  Lines  of  Sodium. 

surprising  result,  that  the  bright  lines  of  several 
metals  were  entirely  coincident  with  the  same  num- 
ber of  lines  in  the  solar  spectrum. 

The  coincidence  of  the  two  sodium  lines  D  is 
shown  in  Fig.  89  ;  the  upper  part  represents  that 
portion  of  the  solar  spectrum  with  the  two  dark 
D-lines  which  is  situated  in  the  yellow,  between 
100  and  10 1  millimetres  of  Kirchhoff' s  scale;  the 
lower  part  shows  the  bright  lines  given  by  sodium 
vapour  rendered  luminous  either  by  the  electric 
spark  or  the  flame  of  a  lamp;  and  both  pairs  of  lines 
occupy  so  precisely  the  same  position  in  the  spec- 
trum that  one  forms  the  exact  prolongation  of  the 
other.    In  a  very  perfect  instrument,  another  fine 
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line,  corresponding  to  a  bright  line  given  by  nickel, 
appears  between  the  two  dark  lines.* 

Two  portions  of  the  spectrum,  the  one  situated 
in  the  yellow  between  120  and  125  of  Kirchhoff's 
scale,  and  the  other  in  the  green  between  150  and 
154,  are  represented  in  Fig.  90.  The  lower  thirteen 
bright  lines,  designated  Fe.=Ferrum  (iron),  are  lines 
in  the  spectrum  of  iron;  they  fall  in  exact  accord- 
ance with  an  equal  number  of  dark  lines  in  the 


Fig.  90. 


Coincidence  of  the  Fraunhofer  Lines  with  the  Lines  of  Iron  and  Calcium. 


solar  spectrum.  The  remaining,  twelve  bright  lines 
indicated  by  dots  belong  to  the  spectrum  of  calcium, 
and  are  coincident  with  as  many  dark  lines  in  the 
solar  spectrum.  Between  these  dark  lines  in  Kirch- 
hoff's drawing  are  several  other  lines,  some  of 
which  coincide  with  the  bright  lines  of  terrestrial 
substances,  while  others  are  due  to  some  other 
effects  of  absorption. 

*  [There  is  at  least  one  fine  line  between  D,  and  Da  which  be- 
longs to  sodium,  and  which  may  be  seen  as  a  bright  line  when  a 
source  of  light  containing  sodium  is  examined.] 
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Plates  II.  and  III.  contain  all  the  dark  lines 
measured  by  Kirchhoff  in  the  spectrum  of  the  sun, 
and  below  the  solar  spectrum  are  marked  in  black 
the  lines  of  those  terrestrial  elements  with  which  he 
had  compared  them  in  the  usual  manner.  These 
substances  are  designated  by  their  chemical. sym- 
bols: thus,  Fe.  =  Ferrum  (iron),  Ca.  =:  Calcium,  Pb. 
=  Plumbum  (lead),  Hg.  =  Hydrargyrum  (mercury); 
Na.  =  Natrium  (sodium), Ba.  =  Barium,  Mg.  =  Mag- 
nesium, Au.  =  Aurum  (gold),  H.  =  Hydrogenium 
(hydrogen  gas),  etc.  The  horizontal  lines  by  which 
the  lower  ends  of  the  vertical  spectrum  lines  are 
grouped  together  indicate  that  all  lines  thus  bracketed 
belong  to  the  same  substance,  the  chemical  symbol 
of  which  is  placed  below. 

The  wave-lengths  of  the  bright  spectrum  lines  of 
terrestrial  substances  have  in  the  same  manner  been 

o 

determined  by  Angstrom  and  Thalen,  the  latter  of 
whom  has  devoted  himself  especially  to  this  subject; 
the  coincidence  of  these  lines  with  the  dark  lines  of 
the  solar  spectrum  has  been  proved  by  these  ob- 
servers, and  recorded  in  their  maps  by  inserting 
them  beneath  the  solar  spectrum  {vide  Fig.  88, 
Plates  IV.,  v.,  VI.) 

Even  in  the  portion  of  the  spectrum  published  by 
Kirchhoff  there  are  some  sixty  bright  lines  of  iron, 
all  of  which  coincide  with  as  many  of  the  dark 
Fraunhofer  lines  ;  the  continuation  made  by  Hof- 
mann  contains  thirteen  additional  very  striking  co- 
incidences, and  Angstrom  andThalen,  who  volatilized 
iron  in  the  ekctric  arc,  found  a  coincidence  of  more 
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than  460  bright  lines  of  iron,  with  an  equal  number 
Fig.  91.  of  the  Fraunhofer  lines. 

The  complete  coinci- 
dence of  so  many  bright 
lines  in  one  and  the  same 
substance  with  the  same 
number  of  dark  lines  of 
the  solar  spectrum,  shows 
conclusively  that  it  cannot 
be  the  effect  of  chance.  A 
glance  at  Fig.  9 1 ,  in  which 
the  coincidence  is  shown 
of  more   than   sixty  of 
Kirchhoff's  observed  lines 
of  iron,  with  as  many  dark 
lines  in  various  parts  of 
the  solar  spectrum  between 
C  and  F,  justifies  the  con- 
clusion that  those  dark 
lines  are  to  be  ascribed 
to   the  absorptive  effect 
of  the  vapour  of  iron  pre- 
sent in  the  atmosphere  of 
the  sun.     The  likelihood 
that  such  a  coincidence  of 
sixtvlines  is  amerechance, 
bears  a  proportion  to  the 
supposition  that  these  lines 
really  make  known  thepre- 

 sence  of  iron  in  the  sun's 

''ti^!65VAeFiuErLr'es'™  atmosphere,  according  to 
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the  doctrine  of  probabilities,  of  i  to  2^,  or  in  other 
words  in  the  ratio  of  i  to  1,152,930,000,000,000,000. 

The  most  striking  coincidences  between  the  spec- 
trum lines  of  terrestrial  elements  and  the  dark  lines 
of  the  solar  spectrum  are  shown  in  iron,  sodium, 
potassium,  calcium,  magnesium,  manganese,  chro- 
mium, nickel,  and  hydrogen  ;  the  spectrum  lines 
of  these  substances  not  only  agree  exactly  with  the 
dark  lines  in  position  and  breadth,  but  proclaim  their 
relationship  to  them  by  a  similar  degree  of  intensity. 
The  brighter,  for  instance,  a  spectrum  line  appears, 
so  much  the  darker  will  its  corresponding  line  be  in 
the  solar  spectrum. 

A  partial  coincidence  only  of  the  bright  and  dark 
lines  is  shown  in  the  spectra  of  the  metals  zinc,  barium, 
copper,  cobalt,  and  gold,  where  the  brightest  lines 
only  correspond  with  the  dark  lines  of  the  solar  spec- 
trum. Thalen  has  lately  discovered  that  the  greater 
number  of  the  170  bright  lines  given  by  the  metal 
titanium  correspond  with  as  many  of  the  Fraunhofer 
lines  ;  his  investigations,  which  extend  over  forty-five 
metals,  fully  confirm  the  observations  of  Kirchhoff. 

The  spectra  of  the  metals  silver,  mercury,  anti- 
mony, arsenic,  tin,  lead,  cadmium,  strontium,  and 
lithium  show  no  coincidence  with  the  Fraunhofer 
lines,  and  this  is  also  the  case  with  the  two  non- 
metallic  substances  silicon  and  oxygen. 

45.  Kirchhoff' s  Theory  of  the  Physical 
Constitution  of  the  Sun. 

It  had  long  been  assumed  that  the  gaps  in  the 
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colours  of  the  solar  spectrum  which  form  the  Fraun- 
hofer  dark  lines,  were  due  to  an  absorption  of  the 
corresponding  coloured  rays  in  the  atmosphere  of 
the  sun ;  but  no  explanation  could  be  given  of 
this  phenomenon.  The  cause  of  this  absorption 
was  ascertained  by  Kirchhoff  in  his  discover}^ 
that  a  vapour  absorbs  from  white  light  just  those 
rays  which  it  emits  when  luminous  (§  40),  and  he 
proved  the  whole  system  of  the  Fraunhofer  lines 
to  be  mainly  produced  by  the  overlying  of  the 
reversed  spectra  of  such  substances  as  are  to  be 
found  in  the  earth.  He  thus  arrived  at  a  new  con- 
ception of  the  physical  constitution  of  the  sun 
which  is  entirely  opposed  to  the  theories  held  by 
Wilson  and  Sir  William  Herschel  in  explanation  of 
the  solar  spots. 

According  to  Kirchhoff,  the  sun  consists  of  a  solid 
or  partially  liquid  nucleus  in  the  highest  state  of 
incandescence,  which  emits,  like  all  incandescent 
solid  or  liquid  bodies,  every  possible  kind  of  light, 
and  therefore  would  of  itself  give  a  continuous 
spectrum  without  any  dark  lines.  This  incandes- 
cent central  nucleus  is  surrounded  by  an  atmosphere 
of  lower  temperature,  containing,  on  account  of  the 
extreme  heat  of  the  nucleus,  the  vapours  of  many 
of  the  substances  of  which  this  body  is  composed. 
The  rays  of  light  therefore  emitted  by  the  nucleus 
must  pass  through  this  atmosphere  before  reaching 
the  earth,  and  each  vapour  extinguishes  from  the 
white  light  those  rays  which  it  would  itself  emit  in 
a  glowing  state.    Now  it  is  found  when  the  sun's 
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light  is  analysed  by  a  prism  that  a  multitude  of  rays 
are  extinguished,  and  just  those  rays  which  would 
be  emitted  by  the  vapours  of  sodium,  iron,  calcium, 
magnesium,  etc.,  were  they  made  self-luminous; 
consequently  the  vapours  of  the  following  substances, 
sodium,  iron,  potassium,  calcium,  barium,  magne- 
sium, manganese,  titanium,  chromium,  nickel,  co- 
balt, hydrogen,  and  probably  also  zinc,  copper,  and 
gold,  must  exist  in  the  solar  atmosphere,  and  these 
metals  therefore  must  also  be  present  to  a  con- 
siderable extent  in  the  body  of  the  sun.  According 

o 

to  the  investigations  of  Angstrom,  the  number  of 
the  bright  lines  of  the  following  substances  coinci- 
dent with  an  equal  number  of  the  Fraunhofer  dark 
lines  is  as  follows:  sodium  9,  iron  450,  calcium  75, 
barium  11,  magnesium  4,  manganese  57,  titanium 
118,  chromium  18,  nickel  33,  cobalt  19,  hydrogen 
4,  aluminium  2,  zinc  2,  copper  7. 

It  appears  therefore  indubitable  that  the  sub- 
stances composing  the  body  of  the  sun  are  similar 
to  those  of  which  the  earth  is  formed,  for  though 
there  may  be  between  F  and  G  some  conspicuous 
dark  lines  the  origin  of  which  is  as  yet  unknown, 
it  would  be  premature  to  say  that  they  were  occa- 
sioned by  substances  foreign  to  this  earth. 

Could  the  light  from  the  sun's  nucleus  in  any  way 
be  set  aside,  and  only  that  of  the  incandescent 
vapours  of  the  sun's  atmosphere  be  received  through 
the  slit  of  the  spectroscope,  a  spectrum  would  then 
be  obtained  composed  of  the  actual  spectra  of  these 
substances,  that  is  to  say  the  same  system  of  bright 
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coloured  lines  which  now  appear  as  the  dark 
Fraunhofer  lines.  The  occurrence  of  a  total  solar 
eclipse  affords  an  opportunity  of  applying  such  a 
test  for  Kirchhoff's  theory,  for  as  the  sun's  disk  is 
then  completely  covered  by  the  moon,  and  all  light 
from  the  body  of  the  sun  is  intercepted," no  light  can 
be  received  except  from  the  solar  atmosphere  and  the 
glowing  vapours  by  which  the  nucleus  is  surrounded. 

The  results  of  the  observations  of  the  solar 
eclipses  of  1868  and  1869  did  not  fulfil  the  expec- 
tations that  had  been  entertained,  for  though  the 
Fraunhofer  lines  ceased  to  be  visible  the  moment 
when,  with  the  disappearance  of  the  last  rays  of  the 
sun,  total  darkness  commenced,  the  system  of 
bright  lines  did  not  appear  in  their  stead,  which 
as  the  spectra  of  the  glowing  vapours  of  the  solar 
atmosphere  still  in  view  was  to  be  expected.* 

*  [At  the  total  eclipse  of  1870,  Professor  Young  observed  all 
the  Fraunhofer  lines  reversed.  His  observations,  which  seem  to 
enable  us  to  fix  A\'ith  precision  the  birthplace  of  the  Fraunhofer 
lines,  are  described  by  Professor  Langley  as  follows  : — 

*'  With  the  slit  of  his  spectroscope  placed  longitudinally  at  the 
moment  of  obscuration,  and  for  one  or  two  seconds  later,  the  field 
of  the  instrument  was  filled  with  bright  lines.  As  far  as  could  be 
judged,  during  this  brief  interval  every  non-atmospheric  line  of  the 
solar  spectrum  showed  bright;  an  interesting  observation  con- 
firmed by  Mr.  Pye,  a  young  gentleman  whose  voluntary  aid  proved 
of  much  service.  From  the  concurrence  of  these  independent 
observations  we  seem  to  be  justified  in  assuming  the  probable  ex- 
istence of  an  envelope  surrounding  the  photosphere,  and  beneath 
the  chromosphere,  usually  so  called,  whose  thickness  must  be 
limited  to  two  or  three  seconds  of  arc,  and  which  gives  a  discon- 
tinuous spectrum  consisting  of  all,  or  nearly  all,  the  Fraunhofer 
lines  showing  them,  that  is,  bright  on  a  dark  ground."] 
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It  would,  however,  be  premature  to  form  a  con- 
clusion against  Kirchhoff's  theory  from  these  nega- 
tive results  ;  for  it  may  easily  be  presumed  that 
the  vapours  of  the  solar  atmosphere  do  not  possess 
that  degree  of  heat  which  would  be  necessary  to 
produce  a  light  sufficiently  intense  for  creating  gas 
spectra  at  such  an  enormous  distance  (ninety-two 
million  miles)  ;  indeed  the  great  darkness  and  even 
blackness  of  many  of  the  Fraunhofer  lines  justifies 
the  conclusion  that  the  difference  of  temperature 
must  be  very  considerable  between  the  sun'  s  nucleus 
and  the  atmosphere  of  vapour  by  which,  according 
to  Kirchhoff's  theory,  it  is  surrounded.  And  if  on 
other  grounds,  to  which  reference  will  be  made 
hereafter,  it  were  admitted  that  the  supposition  of 
the  sun's  nucleus  being  an  incandescent  solid  or 
liquid  body  were  untenable,  yet  Kirchhoff's  ex- 
planation of  the  Fraunhofer  lines,  and  his  proof  of 
the  presence  of  elements  in  the  sun  similar  to  those 
found  in  the  earth,  would  still  remain  unaffected. 
Even  if  the  nucleus  of  the  sun  were,  as  the  French 
astronomer  Faye  supposes,  neither  solid  nor  liquid, 
but  in  a  condition  of  vapour  or  gas,  there  is  still 
no  doubt  that  either  the  ball  of  gas  itself  in  con- 
sequence of  the  extreme  heat  is  incandescent, 
and  would  therefore  emit  rays  of  every  shade  of 
colour, — proof  of  which  has  been  furnished  by  the 
experiments  of  Frankland,  Deville,  and  Wiillner 
(p.  165),  in  accordance  with  the  views  of  De  la 
Rue,  Stewart,  and  Loewy, — of  which  rays  those 
corresponding  to  the  Fraunhofer  lines  would  be 
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absorbed  by  the  cooler  outside  strata,  or  else  the 
ball  of  gas,  if  non-luminous,  is  surrounded  by  a 
stratum  of  vapour  partially  condensed  forming  a 
cloud  in  a  condition  of  extreme  heat,  called  the 
photosphere^  whence  emanates  the  white  solar  light, 
and  in  which  the  absorption  of  the  vapours  com- 
posing it  takes  place  in  the  same  way  as  occurs 
in  the  direct  volatilization  of  sodium  by  the  electric 
light  (p.  212). 

We  shall  enter  upon  these  theories  more  in  detail 
hereafter,  but  this  much  may  be  said  here :  that 
every  explanation  of  the  physical  constitution  of 
the  sun  must  always  be  based  upon  the  discoveries 
of  Kirchhoff ;  and  the  various  details  of  any  theory 
in  explanation  of  the  solar  spots,  the  faculse,  the 
prominences,  etc.,  must  be  in  strict  accordance  with 
the  phenomena  established  by  Kirchhoff  of  the 
absorption  of  the  coloured  rays  and  the  reversal  of 
the  spectrum. 

46.  The  Atmospheric  Lines  in  the  Solar  Spec- 
trum AS  OBSERVED  BY  BrEWSTER  AND  GLAD- 
STONE. 

The  Italian  phj^sicist  Zantedeschi,  of  whom  we 
have  already  spoken,  was  the  first  to  remark  that 
the  dark  lines  in  the  solar  spectrum  are  not  all 
invariable,  and  that  the  changes  occurring  in 
number,  position,  intensity,  and  breadth,  in  some 
of  them  are  due  to  the  var}ang  condition  of  the 
earth's  atmosphere.  This  subject  has  since  oc- 
cupied the  attention  of  Brewster  and  Gladstone, 
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Piazzi  Smyth,  Secchi,  and  pre-eminently  the  French 
physicist  Janssen,  but  their  investigations  have  not 
as  yet  led  to  any  satisfactory  result. 

Brewster  and  Gladstone  (i860*)  found  that  new 
dark  lines  and  bands  made  their  appearance  in  the 
solar  spectrum  when  the  sun  approached  the 
horizon,  and  that  certain  dark  bands  were  more 
strongly  marked  in  the  morning  and  evening  than 
at  noon  when  the  sun  stood  high  in  the  heavens. 
As  the  sun  when  near  the  horizon  must  transmit 
its  rays  through  a  stratum  of  air  nearly  fifteen  times 
as  thick  as  when  at  a  high  altitude  at  nooii,  the 
idea  was  suggested  that  the  atmospheric  air,  though 
colourless,  might  exercise  an  absorptive  influence 
upon  the  light,  and  obstruct  the  rays  as  vapours  do 
(§.  38),  in  proportion  as  the  stratum  increases  in 
thickness  and  density  through  which  the  solar  rays 
have  to  pass. 

The  solar  spectrum  published  by  Brewster  and 
Gladstone  in  i860,  nearly  five  feet  in  length,  con- 
tains more  than  2,000  visible  dark  lines  or  bands, 
easily  distinguishable  one  from  another.  The  violet 
end  extends  as  far  as  in  Fraunhofer's  map,  while  in 
the  direction  of  the  red  it  is  of  considerably  greater 
length.  The  Fraunhofer  lines  retain  their  original 
designations  A,  a,  B,  etc.,  while  the  lines  and  bands 
interspersed  between  them,  and  clearly  separable 
one  from  the  other,  are  marked  by  figures  after  the 

*  [Brewster  in  1832  discovered  that  certain  dark  lines,  seen  under 
the  conditions  mentioned  in  the  text,  in  the  solar  spectrum,  were 
caused  by  atmospheric  absorption,] 
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letters  A,  B',  C,  etc.,  in  succession  to- 
wards the  violet  always  commencing 
with  I.    Thus  between  A  and  a  there 
lie  three  bands,  marked  A,,  A^,  A3 ; 
between  a  and  B  there  are  eight  lines 
Or   bands,  marked 
There  are  seven  lines  between  B  and 
J  C,  sixteen  between  C  and  D,  twenty- 
■t  nine  between  D  and  E,  ten  between  E 
"I  and  (5,  thirty  between  b  and  F,  fifty 
I  between  F  and  G,  fifty-three  between 
^  G  and  H,  four  between  H  and  k,  and 
ten  between  k  and  I,  each  line  marked 
£-  by  a  number,  beginning  always  with 
I  I.     Besides  these  prominent  lines, 
^  there  are  many  very  fine  lines  inter- 
J=  spersed  among  them  which  are  not 
§  enumerated.    Those  lines  and  bands 
I  which  are  pre-eminently  influenced  by 
^  atmospheric  conditions,  and  are  there- 
%  fore  more  or  less  prominent  according 
^  to  the  altitude  of  the  sun,  are  desig- 
"I  nated  by  the  letters  of  the  Greek 
alphabet. 

^  The  solar  spectrum  given  in  Fig. 
92  is  taken  from  a  reduced  drawing 
by  Brewster,  and  represents  not  only 
the  Fraunhofer  lines,  but  also  all  the 
variable  lines  and  bands  of  any  im- 
portance which  are  easily  discernible, 
and  which  are  here  marked  by  the 
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Greek  letters  ;  the  numbers  are  omitted.  The  draw- 
ing- shows  the  spectrum  as  it  appears  when  the  sun 
is  near  the  horizon  ;  all  the  lines  and  bands  marked 
by  the  Greek  letters  disappear  from  the  spectrum, 
or  become  more  or  less  pale  as  the  sun  attains  a 
meridian  altitude.  These  bands  were  named  by 
Brewster  and  Gladstone  atmospheric  lines,  to  indicate 
that  they  were  formed  by  the  absorptive  power  of 
the  earth's  atmosphere ;  these  observers  did  not 
succeed,  however,  in  ascertaining  to  what  elements 
in  the  atmospheric  air  this  selective  absorption  was 
to  be  ascribed. 

In  the  least  refrangible  portion  of  the  spectrum 
two  intensely  dark  bands  appear  at  sunrise  in  front 
of  A,  bordered  on  both  sides  by  a  fine  line  Y  Z. 
A  increases  much  in  breadth,  and  preserves  this 
width  even  when  the  sun  has  a  considerable  alti- 
tude. When  A  is  observed  at  noon,  it  appears  as 
a  double  line,  or  like  two  dark  spaces  separated 
by  a  narrow  band  of  light;  when  the  sun  is  setting-, 
this  bright  stripe  disappears,  and  the  line  is  seen  as 
one  band  of  uniform  width  and  intensity.  The  group 
a  increases  in  intensity  towards  sunset,  but  the  indi- 
vidual lines  do  not  subside  into  one  band.  The 
strongest  absorption  takes  place  close  to  B.  C  and 
most  of  the  lines  between  C  and  Cg  become  darker, 
and  Cg  (in  the  orange)  is  especially  remarkable,  as 
it  deepens  in  intensity  while  the  sun  is  yet  hig-h  in 
the  heavens.  In  England  this  line  is  visible  during 
the  whole  day  in  winter,  but  not  in  summer  ;  at  sun- 
rise and  sunset  it  is  one  of  the  darkest  and  best- 


SPECTRUM  ANALYSIS. 


defined  lines  in  the  whole  spectrum.  increases 
towards  evening  to  a  black  band,  and  the  double 
line  D  becomes  at  the  same  time  ver}^  prominent. 
Behind  D,  a  band,  marked  I  begins,  which  is  spe- 
cially characteristic  of  the  spectrum  of  light  that  has 
passed  through  a  thick  stratum  of  air.  Even  in  a 
small  spectroscope,  this  band  may  be  readily  seen  at 
any  hour  of  a  dull  day  in  the  diffused  light,  but  it  is 
particularly  dark  and  well  defined  during  heav}^  rain 
or  a  thunderstorm,  and  at  sunset  it  becomes  almost 
black.  The  same  is  noticed  in  the  bands  f  and 
^,  as  also  in  the  line  »?,  which  is  very  distinct  at 
evening,  and  from  its  proximity  to  E,  which  re- 
mains unaffected  by  the  atmosphere,  may  easily  be 
mistaken  for  it.  On  the  further  side  of  b  are  several 
other  remarkable  atmospheric  bands,  particularly 
i  and  x.  F  loses  its  sharpness  at  sunset,  and 
seven  bands  from  X  to  ^  become  visible  between 
F  and  G.  At  G  the  only  change  is  a  loss  of  bright- 
ness towards  evening,  but  a  still  greater  amount  of 
absorption  takes  place  beyond,  in  the  violet  rays. 

The  western  sky  immediately  after  sunset  affords 
the  best  opportunity  for  obsersang  these  dark  atmo- 
spheric lines,  especially  the  bands  S  and  in  the 
bright  parts  of  the  spectrum.  If  at  that  time  the 
sky  be  red,  the  lines  C,  Cg,  D,  S  appear  generally  as 
four  very  dark  bands,  but  when  the  sky  is  yellow 
they  are  much  less  distinctly  marked.* 

*  [Mr.  J.  H.  Hennessy,  to  whom  a  spectroscope  was  entnisted  by 
the  Royal  Society  for  observations  of  the  atmospheric  hnes  of  the 
solar  spectnmi  at  different  altitudes  of  the  sun  at  the  favourable 
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47.  The  Telluric  Lines  in  the  Solar  Spectrum 
AND  THE  Spectrum  of  Aqueous  Vapour,  as 

OBSERVED  BY  JaNSSEN. 

The  investigations  of  Brewster  and  Gladstone 
were  resumed  by  the  French  physicist  Janssen,  in 
1864,  foi"  the  purpose  of  discovering  what  substance 
in  the  atmosphere  produced  the  selective  absorption 
of  the  solar  spectrum.  With  an  instrument  of  his 
own  construction,  composed  of  five  prisms,  he  suc- 
ceeded at  once  in  resolving  the  dark  bands  noticed 
by  the  English  observers  into  very  fine  lines,  and 
in  ascertaining  that  their  intensity  was  perpetually 
varying.  He  found  them  to  be  darkest  at  sunrise 
and  sunset,  and  less  intense  in  the  middle  of  the  day, 
but  they  were  never  entirely  absent  from  the  spec- 
trum, a  periodicity  of  change  which  at  once  proves 
their  atmospheric  origin.  To  procure  still  more 
decisive  evidence  on  this  point,  Janssen  resolved  to 
pursue  his  observations  on  the  solar  spectrum  from 
the  top  of  a  high  mountain,  whence  the  absorptive 
influence  of  the  lower  and  denser  stratum  of  the 
atmosphere  would  be  excluded,  and  the  effects  of 
absorption  consequently  would  be  manifested  in  a 
more  moderate  degree  than  on  the  plain. 

For  this  purpose,  in  the  year  1864  Janssen  re- 
mained for  a  week  at  the  summit  of  the  Faulhorn,  at 

position  of  Mussoorie,  has  sent  in  a  first  report  of  his  observations, 
together  with  a  chart  of  the  atmospheric  lines  as  seen  by  him  at 
sunset.  This  map  has  been  printed  in  The  Proceedings  of  the 
Royal  Society,  vol.  xix.,p.  i,  and  maybe  found  of  assistance  to 
those  who  are  studying  these  lines.] 
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a  height  of  3,000  metres  (about  9,000  feet)  above  the 
sea,  and  convinced  himself  that  the  variable  dark 
lines  in  the  solar  spectrum  were  in  reality  much 
fainter  there  than  in  the  plain.  But  in  order  to  dis- 
cover the  real  origin  of  this  absorption,  and  to 
obtain  proof  that  these  lines  were  produced  only  by 
the  earth's  atmosphere,  he  devoted  himself  to  the 
examination  of  artificial  light,  since  the  light  of  the 
sun  in  travelling  to  the  earth  has  to  pass  for  millions 
of  miles  through  foreign  media. 

In  October  1864  he  caused  a  large  pile  of  pine 
wood  to  be  set  on  fire  at  Geneva,  at  a  distance  of 
21,000  metres  (about  thirteen  miles)  from  his  place 
of  observation,  and  observed  the  flame  in  the  spec- 
troscope ;  when  viewed  near,  the  fire  gave  a  con- 
tinuous spectrum  without  dark  lines,  but  at  the  full 
distance  some  of  the  dark  lines  appeared  which 
Brewster  had  observed  in  the  spectrum  of  the  setting 
sun. 

It  remained  now  for  Janssen  to  determine  with 
yet  greater  certainty  whether  this  atmospheric  ab- 
sorption was  to  be  ascribed  to  the  air  or  to  the 
aqueous  vapour  contained  in  the  air,  an  investiga- 
tion beset  with  unusual  difficulties,  which  could  only 
at  last  be  accomplished  when  in  1866  the  Gas  Com- 
pany of  Paris  placed  their  apparatus  at  his  disposal. 

An  iron  cylinder  118  feet  long,  after  being  ex- 
hausted of  air  by  forcing  steam  through  it  under  a 
pressure  of  seven  atmospheres,  was  filled  with  steam 
and  closed  at  both  ends  by  pieces  of  strong  plate- 
glass.    The  cylinder  was  surrounded  with  sawdust 
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to  prevent  radiation,  and  additional  contrivances 
were  also  adopted  to  preserve  the  steam  from  con- 
densation, and  so  to  maintain  its  transparency.  A 
very  bright  flame  (produced  by  sixteen  united  gas- 
burners)  was  placed  at  one  end  of  the  cylinder  and 
the  spectroscope  at  the  other,  so  that  the  rays  from 
the  flame  had  to  pass  through  a  stratum  of  aqueous 
vapour  1 1 8  feet  thick  before  reaching  the  slit  of  the 
instrument.  The  spectrum  of  the  light  in  the  air 
was  entirely  free  from  absorption  lines  ;  but  seen 
through  the  cylinder  of  steam  there  at  once  ap- 
peared groups  of  dark  lines  between  the  extreme 
red  and  the  line  D,  similar  to  those  seen  in  the 
spectrum  of  the  setting  sun.  By  this  means  not 
only  was  the  proof  furnished  that  a  large  number 
of  the  variable  lines  in  the  solar  spectrum  are  due 
to  the  presence  of  aqueous  vapour  in  the  earth's 
atmosphere,  but  also  a  method  secured  for  detect- 
ing the  presence  of  aqueous  vapour  in  the  heavenly 
bodies. 

Fig.  93  represents  the  solar  spectrum  between  the 
lines  C  and  D  as  drawn  by  Janssen ;  the  upper 
half  is  the  spectrum  of  the  sun  in  the  meridian,  the 
lower  half  that  of  the  sun  at  the  horizon  {vide  p.  254). 
Those  lines  which  present  the  same  appearance  in 
both  halves  belong  exclusively  to  the  sun,  while 
those  which  are  darker  in  the  lower  than  in  the 
upper  half  are  telluric  lines. 

It  has  been  further  shown  by  Janssen  that  almost 
all  telluric  lines  are  produced  by  the  aqueous  vapour 
of  the  earth's  atmosphere  ;  that  an  absorptive  in- 

17  A 


26o 


SPECTRUM  ANALYSIS. 


fluence  is  also  exerted  by 
this  vapour  on  the  invisible 
portion  of  the  solar  spec- 
trum beyond  the  red  (that 
is  to  say,  in  the  heat  spec- 
trum), where  it  produces 
absorption  lines ;  and, 
finally,  that  it  affects  the 
whole  of  the  violet  portion 
of  the  spectrum  in  a  man- 
ner more  nearly  uniform 
than  selective. 

The  absorption  spectrum 
of  aqueous  vapour  con- 
sists therefore  of  all  the 
lines  introduced  into  the 
continuous  spectrum  by 
the  aqueous  vapour  of  the 
earth's  atmosphere:  it  is 
an  absorption  spectrum 
which  may  be  easily  con- 
structed for  the  portion 
between  C  and  D  by  leaving 
out  all  those  lines  from 
the  lower  part  of  Fig.  93, 
which  agree  exactl}'-  in  ap- 
pearance with  those  in  the 
upper  half.  It  has  been 
proved  that  the  groups 
marked  and  D  arise 
from  the  aqueous  vapour 
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in  the  atmosphere  ;  the  telluric  character  of  the 
central  group  C  7  has  been  also  established  by 
Janssen  beyond  a  doubt,  but  as  yet  it  remains  un- 
certain whether  they  are  likewise  to  be  attributed 
to  aqueous  vapour. 

The  investigations  of  Janssen  were  not  confined 
merely  to  that  portion  of  the  solar  spectrum  included 
between  C  and  D  ;  he  continued  the  spectrum  in 
another  map,  where  it  reaches  below  the  line  B  and 
beyond  D  ;  in  this  spectrum  are  included  also  the 
three  groups  marked  by  Brewster  a,  |3,  7,  S  (Fig.  92). 
Janssen  has  extended  his  observations  to  the  light 
of  the  moon  and  fixed  stars,*  with  the  view  of  as- 
certaining if  the  stellar  light,  which  differs  from  that 
of  the  sun,  be  subject  to  similar  changes  in  its  passage 
through  the  earth' £;  atmosphere. 

With  this  object  janssen  attached  a  small  direct- 
vision  spectroscope  to  a  powerful  astronomical 
telescope,  in  the  manner  described  more  in  detail 
in  the  section  on  stellar  spectroscopes,  and  ex- 
amined the  spectrum  of  Sirius  as  the  star  appeared 
above  the  horizon.  In  its  very  bright  spectrum  were 
several  dark  bands,  which  when  measured  were 
found  to  occupy  precisely  the  same  position  as  the 
dark  bands  that  appeared  in  the  solar  spectrum  at 
sunrise  and  sunset.  In  proportion  as  Sirius  gained 
in  altitude,  the  intensity  of  these  telluric  bands 
gradually  diminished,  until  as  the  star  passed  the 
meridian  they  entirely  disappeared. 

*  Janssen,  "  Rapport  sur  une  Mission  en  Italie."     Paris,  Im- 
primerie  imperiale,  1868. 
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Fig.  94  gives  the  spectrum  of  the  sun  (II) 
and  the  spectrum  of  Sirius  (I)  as  they  appeared 
in  the  small  spectroscope  when  observed  in  the 
meridian  and  at  the  horizon.  The  telluric  bands 
will  be  recognized  at  once  on  comparing  the  two 
spectra  of  the  same  object ;  the  dark  bands  marked 
I,  2,  3  are  evidently  telluric  absorption  bands 
common  to  both  the  sun  and  Sirius  when  near  the 
horizon. 

Secchi  has  also  been  occupied  for  many  years 
in  observing  the  telluric  lines  of  the  solar  spectrum. 
From  the  first  he  expressed  an  opinion  that  the 
existence  of  these  dark  lines,  which  vary  with  the 

Fig.  94- 
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place  of  the  sun,  the  position  of  the  observer,  and 
the  amount  of  humidity  in  the  air,  were  to  be  as- 
cribed to  the  absorptive  action  of  the  aqueous 
vapour  contained  in  the  atmosphere.  The  in- 
fluence of  the  weather  was  apparent  in  the  fact 
that  some  of  these  lines  were  invisible  in  clear 
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weather  with  a  north  wind,  while  they  were  strongly 
marked  on  dull  days  with  the  wind  in  the  south. 
Secchi  has  also  observed  and  measured  the  dark 
absorption  lines  during  rainy  weather  in  the  spec- 
trum of  a  flame  distant  2,000  metres  (i^=mile),  aa 
well  as  in  that  of  large  fires  kindled  on  the  moun- 
tains. 

Angstrom  of  Upsala  has  also  instituted  careful 
investigations  of  the  telluric  lines  in  the  solar 
spectrum,  and  has  introduced  these  lines  into  his 
maps  (§  43,  Plate  VI.),  measured  according  to  the 
wave-lengths  of  the  colours  they  absorbed.  In 
Fig.  95  a  map  of  these  lines  is  given  on  a  reduced 
scale ;  the  lines  and  bands  there  shown  are  all 
atmospheric  lines  with  the  exception  of  the  Fraun- 
hofer  lines  C,  D,  E,  b,  F.  The  order  of  the 
phenomena  produced  by  the  absorptive  power  of 
the  atmosphere  as  the  sun  approaches  the  horizon 

o 

is  thus  described  by  Angstrom. 

The  violet  portion  of  the  spectrum  disappears  as 
far  as  G ;  the  absorption  then  keeps  advancing 
towards  the  red,  and  intensifies  the  dark  bands  near 
F  and  D.  At  the  same  time  the  lines  A,  B,  and  a, 
which  are  always  visible  in  the  red  part  of  the 
spectrum,  become  much  darker,  and  the  lines  of 
aqueous  vapour  both  at  C  and  D  continually  aug- 
ment. At  last  the  only  parts  remaining  bright 
lie  between  B  and  a,  between  a  and  I,  and  in  the 
greater  portion  of  the  greenish-yellow  in  the  vicinity 
and  to  the  right  of  while  the  portion  between  B 
and  8  is  more  or  less  shaded  by  dark  bands.  The 
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part  of  the  spectrum  least  affected  by  the  telluric 

absorption  lies  between  D 
and  ^. 

o 

Angstrom  concurs  with 
Brewster  that  nearly  all  the 
changes  of  colour  observed 
in  the  red  glow  of  sunrise 
and  sunset  find  a  simple  ex- 
planation in  the  phenomena 
of  atmospheric  absorption, 
whereby  all  the  ingenious  and 
elaborate  explanations  hither- 
to attempted  are  completely 
set  aside. 

o 

Angstrom  is  of  opinion 
that  the  bands  A,  B,  a,  and  ^ 
are  not  produced  by  the 
aqueous  vapour  of  the  atmo- 
sphere, since  they  are  very 
constant,  and  are  not  affected 
apparently  by  changes  of 
temperature ;  whether  other 
gases  contained  in  the  atmo- 
spheric air,  as,  for  instance, 
carbonic  acid  gas,  exercise  an 
influence  upon  them,  has  yet 
to  be  investigated. 

It   is  fully  admitted  that 
other  heavenly  bodies  besides 
the  earth  may  be  surrounded 
by  an  atmosphere  ;  Janssen's  discovery  of  the  spec- 
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trum  of  aqueous  vapour  furnishes  the  means  of  as- 
certaining whether  this  vapour,  indispensable  to  the 
maintenance  of  all  the  living  organisms  of  our 
planet,  is  also  present  in  the  other  celestial  bodies. 
Repeated  observations  undertaken  by  Janssen  on  the 
high  mountains  of  Italy  and  Greece  havealready 
furnished  proof  that  aqueous  vapour  is  present  in 
the  atmospheres  of  the  planets  Mars  and  Saturn. 

48.  The  Solar  Spots  ;  The  Facul^  and  their 

Spectra. 

It  would  lead  us  too  far  from  our  subject  were 
we  to  dwell  upon  the  phenomena  of  the  solar  spots, 
important  as  they  are  for  acquiring  a  knowledge  of 
the  physical  constitution  of  the  sun,  or  enter  upon 
a  full  description  of  their  form,  their  mode  of  forma- 
tion and  disappearance,  their  motion,  their  con- 
nection with  the  sun's  rotation  upon  its  axis,  their 
periodic  occurrence,  and  the  various  hypotheses  that 
have  been  formed  as  to  their  nature  ;  but,  on  the 
other  hand,  we  must  still  less  be  silent  on  the  sub- 
ject, since  spectrum  analysis  has  investigated  these 
wonderful  appearances  with  a  success  which  has 
added  much  to  our  knowledge  of  the  constitution  of 
the  sun. 

A  number  of  excellent  photographs  and  drawings 
have  been  made  by  Secchi,  Nasmyth,  Warren  De  la 
Rue,  and  others  of  remarkable  spots,  showing  very 
clearly  the  characteristic  forms  they  assume,  and  the 
phenomena  which  accompany  them.  By  means  of 
a  magnifying  lantern  and  an  intense  light,  these 
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photographs  may  be  thrown  upon  a  screen  and  ex- 
hibited to  a  large  audience.  Spots  similar  to  those 
shown  in  Fig.  96  and  following  figures  consist 
principally  of  a  dark,  almost  black,  central  portion, 
the  umbra  *  surrounded  by  a  space  somewhat  less 


Fig.  96. 


Solar  Spot  seen  through  a  large  Telescope  by  Secchi,  at  Rome,  April  3,  1S5S. 


dark  called  the  pcnuvibm :  the  umbra  has  generally 
an  irregular  form,  while  the  penumbra  exhibits  a 
structure  radiating  towards  the  centre. 

[The  dark  central  part  of  a  spot,  called  by  the  author  "kern," 
has  been  distinguished  throughout  by  the  name  umbra,  in  accord- 
ance with  the  usual  custom  of  astronomers.  Mr.  Dawes  showed 
that  within  this  part  of  a  spot  one  or  more  darker  spots  may 
generally  be  observed,  to  which  he  gave  the  name  of  nucleus^ 
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If  the  sun  be  observed  with  a  high  power,  the  sur- 
face presents  by  no  means  a  uniform  appearance ; 
a  multitude  of  bright  and  dark  stripes  cross  each 
other  in  all  directions,  and  the  luminous  surface 
appears  like  a  net  of  bright  meshes  interwoven  with 

Fig.  97. 


Granules  and  Pores  of  the  Sun's  Surface,  after  Huggins. 


dark  threads  and  small  dark  pores.  The  brightest 
portions  (Fig.  97)  show  a  more  or  less  elongated 
form  (compare  Fig,  loi),  which  suggested  to  Na- 
smyth  the  name  of  "  willow  leaves,"  while  Dawes 
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compares  them  to  ''bits  of  straw,"  and  Huggins 
calls  them  merely  "  granules."* 

On  this  uneven  and  ever-varying  bright  back- 
ground the  spots  make  their  appearance  in  the 
greatest  variety  of  form  and  size.    The  penumbra 


Fig.  98. 


Solar  Spot  after  Nasmyth  with  three  Bridges  of  Light. 


*  [Dawes  restricted  the  name  straws  to  the  objects  of  that  shape 
in  the  immediate  neighbourhood  of  the  spots,  which  appear  to  be 
formed  either  by  the  elongation  of  the  normal  granules,  or  by  an 
aggregation  of  them  under  the  influence  of  the  forces  which  are 
present  in  the  spots.  The  term  granules,  adopted  by  Huggins, 
was  first  suggested  by  Dawes  for  the  solar  particles  in  their  jwnnal 
form,  that  is,  as  they  appear  on  the  general  surface  of  the  sun, 
because,  as  he  observed,  "  the  appellation  granulation  or  granules 
assumes  nothing  either  as  to  their  exact  form  or  precise  character." 
The  observations  of  these  astronomers  agree  in  representing  the 
granules  to  be  generally  of  an  oval  form,  but  that  irregularly 
shaped  masses  of  almost  every  form  frequently  present  themselves. 
The  average  size  of  these  particles  may  be  taken  to  be  about  i" 
in  diameter,  and  tl.e  average  longer  diameter  of  the  more  oval 
particles  at  about  i"'5.] 
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not  unfrequently  stretches  across  the  black  central 
portion  in  various  places,  Fig.  98,  and  generally 
appears  much  darker  at  the  outer  edges,  where  the 
spot  touches  the  bright  part  of  the  sun's  surface, 
than  in  other  places.  Very  often  the  penumbra  is 
traversed  by  few  or  more  bright  curved  bands, 
stretching  from  the  outer  edge  towards  the  nu- 
cleus, generally  at  right  angles  to  the  confines  of 
the  nucleus  and  penumbra  (Fig.  99),  which  give  the 
spot  the  appearance  as  if  a  number  of  streams  of 


Fig.  99, 


Solar  Spots  after  Capocci ;  Furrows  in  the  Penumbra. 


some  luminous  matter  had  broken  through  the  dam 
formed  by  the  penumbra,  to  fall  into  the  abyss  of 
the  umbra.  Even  the  umbra  itself  is  often  crossed 
by  one  or  more  broad  luminous  bands,  called  bridges, 
by  which  it  is  divided  into  several  portions  (Figs. 
96,  98,  lOl). 

Besides  the  dark  spots,  and  chiefly  in  their  imme- 
diate neighbourhood,  bright  places  make  their  ap- 
pearance on  the  sun's  surface,  which  have  been 
cdWed/acuicE.  They  are  generally  the  attendants  of 
solar  spots,  and  are  especially  to  be  seen  at  the 
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extreme  edge  of  the  penumbra  when  the  spot  has 
reached  the  sun's  limb:  that  they  are  not  the  effect 
of  contrast  between  the  dark  spot  and  the  neigh- 
bouring brightness  is  proved  by  the  circumstance 
that  every  spot  is  not  accompanied  by  faculse,  and 
that  very  frequently  isolated  faulcae  are  to  be  seen 


Fig.  ioo. 


Faculffi  in  the  neighbourhood  of  a  Spot  after  Chacomac. 

which  are  almost  always  the  precursor  of  a  coming 
spot. 

The  facul^E,  like  the  spots,  vary  considerably  in 
form  ;  generally  they  are  round  and  concentrated, 
but  often  they  have  the  appearance  of  long  stripes 
of  light  (Fig.  ioo),  disposed  like  veins,  converging 
from  all  sides  towards  a  spot. 
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The  wreathed  faculce  are  almost  always  followed 
in  a  few  days  by  the  appearance  of  a  group  of  spots ; 
among  the  vein-like  waves  of  light  visible  in  many 
places,  more  especially  towards  the  sun's  limb,  there 
is  first  developed  a  dull  scar-like  place  out  of  which 
the  spots  are  formed,  sometimes  singly,  sometimes 
in  groups ;  and  not  unfrequently  the  formation  of  a 
spot  may  be  predicted  from  the  increased  intensity 
of  light  at  that  place  on  the  sun's  disk. 

When  a  spot  is  observed  near  the  sun's  limb  in 
the  midst  of  the  surrounding  faculse,  it  is  difficult  to 
avoid  the  impression  that  the  spot  lies  in  a  hollow 
between  bright  overhanging  mountains ;  and  it  was 
observed  by  Secchi  on  the  5th  of  August,  1865, 
that  the  faculse  when  they  reached  the  western 
limb  of  the  sun  appeared  like  small  projections  and 
irregularities  upon  the  sharply  defined  limb  of  the 
sun. 

Although  the  real  connection  between  the  faculce 
and  the  spots  is  not  yet  fully  understood,  it  may  be 
safely  concluded  from  these  observations  that  the 
spots  lie  deeper  in  the  solar  surface  than  do  the 
faculce,  and  that  these  faculse  are  mountainous  ele- 
vations of  the  luminous  matter  forming  the  photo- 
sphere, by  which  the  spot  is  surrounded  in  a  wide 
circuit  as  by  a  wall. 

A  representation  of  a  group  of  solar  spots  observed 
and  drawn  by  Nasmyth  on  the  5th  of  June,  1864,  is 
given  in  Fig.  10 1,  in  which  all  the  details  character- 
istic of  a  spot  are  to  be  recognized — the  black  umbra, 
the  penumbra  in  a  variety  of  forms,  composed  of 
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the  '*  leaves  "  directed  towards  the  umbra,  and  the 
surrounding  luminous  surface  of  the  sun  presenting- 

Fig.  ioi. 
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its  usual  granulated  appearance.  This  surface  is 
called  the  photosphere,  a  name  given  without  reference 
to'  any  particular  theory  as  to  its  physical  consti- 
tution or  structure.  The  photosphere  is  entirely 
covered  with  pores,  or  small  spots,  less  luminous 
than  the  other  parts ;  where  they  congregate,  and 
become  conspicuous  by  forming  a  black  umbra  and 
shaded  penumbra,  they  constitute  the  ordinary  solar 
spot ;  where  the  portions  of  greater  brilliancy  than 
the  surrounding  parts  of  the  photosphere  congre- 
gate, they  form  the  faculcB,  and  these  generally 
accompany  the  spots  or  precede  their  formation. 

If  a  solar  spot  be  watched  in  the  telescope  from 
day  to  day,  or  from  hour  to  hour,  it  will  soon  be  seen 
to  change  in  form  ;  it  increases  or  diminishes,  or 
completely  vanishes  away,  while  new  spots  make 
their  appearance.  In  the  process  of  disappear- 
ing the  dark  umbra  first  gradually  contracts  until 
it  becomes  invisible,  leaving  the  dusky  penumbra 
perceptible  for  some  time  longer.  Not  unfrequently 
a  spot  breaks  up  into  several  spots,  and  occasion- 
ally a  group  unites  to  form  one,  and  sometimes  even 
as  was  observed  by  Weiss,  on  the  12th  of  March, 
1864,  and  by  Haag  on  the  13th,  15th,  and  i6th  of 
April,  1869,  one  spot  is  seen  to  pass  over  another, 
partially  covering  it,  and  then  withdrawing  from  it. 
In  all  these  changes  the  spots  exhibit  an  amount 
of  mobility  displayed  in  general  only  by  liquid  or 
vaporous  masses. 

The  great  changes  which  sometimes  occur  in  a 

solar  spot  are  shown  in  Fig.  102,  representing  four 

18  ' 
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drawings  of  the  large  spot,  more  than  46,000  square 
miles  in  area,  that  appeared  in  1865.  The  draw- 
ings are  numbered  in  order  of  date.   No.  i  shows 


Fig.  102. 


The  great  Solar  Spot  of  1865.    (From  7th  October  to  i6th  October.) 

the  form  of  the  spot  on  the  7th  of  October,  when  it 
was  first  visible  on  the  eastern  (left)  limb  of  the  sun; 
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Nos.  2  and  3  as  it  appeared  on  the  loth  and  14th 
of  October  (central  view),  when  a  bridge  had  been 
already  formed  across  the  nucleus  ;  and  No.  4  as  it 
was  seen  on  the  i6th  of  October. 

The  formation  and  changes  in  the  configuration 
of  a  spot  may  often  be  watched  during  the  course  of 
observation,  and  it  not  unfrequently  happens  that 
the  appearance  of  a  group  of  spots  is  so  entirely 
changed  from  one  day  to  another  that  it  can  no 
longer  be  recognized  in  the  new  form  it  has 
assumed.    An  example  of  this  is  given  in  Figs.  103 

Ftc.  \o% 


Solar  Spot  of  30th  July,  1869. 


and  104,  consisting  of  drawings  of  the  same  group 
of  spots  observed  by  Secchi  at  noon  on  the  30th  and 
3 1  St  of  July,  1869. 

On  the  other  hand,  there  are  spots  presenting 

18  A 
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scarcely  any  change  which  preserve  nearly  the  same 
form  for  many  days  together.  Spots  of  this  kind 
are  of  the  highest  value  to  the  astronomer,  as  they 
afford  the  only  means  of  ascertaining  the  time  of 


Fig.  104. 


Solar  Spot  of  31st  July,  1869. 


the  revolution  of  the  sun  upon  its  axis,  the  position 
of  this  axis,  and  its  inclination  to  the  earth's  orbit. 

If  a  spot  be  observed  even  for  a  short  time,  it  will 
soon  be  remarked  that  it  apparently  advances  on 
the  sun's  disk  from  east  to  west — that  is  to  say, 
from  the  left  to  the  right  limb  of  the  sun :  in  an 
inverting*  (astronomical)  telescope  the  motion  will 
appear  to  be  in  .the  opposite  direction,  namely  from 
right  to  left. 

*  In  an  astronomical  telescope  the  highest  point  of  the  sun's 
disk  appears  as  the  lowest,  and  the  lowest  appears  to  be  the 
highest ;  in  the  same  way  the  eastern  limb  appears  to  the  right, 
and  the  western  limb  to  the  left  of  the  observer. 
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The  form  of  a  spot  on  its  first  appearance  on  the 
eastern  limb  of  the  sun  is  that  of  a  small  dark  streak 
the  length  of  which  is  much  greater  than  the  breadth. 
For  the  first  few  days  it  appears  to  move  but  slowly 
towards  the  middle  of  the  sun's  disk  ;  its  speed 
afterwards  increases  from  day  to  day  till  it  has  ac- 
complished half  the  journey  across  the  disk.  The 
motion  then  slowly  diminishes  until  the  spot  again 
assumes  the  form  of  a  narrow  streak,  and  disappears 
at  the  opposite  (western)  limb  of  the  sun.  It  not 
unfrequently  happens  that  the  same  spot  which  has 
been  observed  to  disappear  on  the  western  limb  has 
in  the  course  of  about  fourteen  davs  been  seen  to 
reappear  on  the  eastern  limb,  and  in  the  lapse  of 
another  fourteen  days  has  disappeared  a  second 
time  on  the  western  limb,  a  phenomenon  that  proves 
beyond  a  doubt  that  the  spots  are  connected  with 
the  surface  of  the  sun,  and  that  the  sun  itself  has  a 
revolution  upon  its  axis.  If  the  time  required  for  the 
earth's  motion  round  the  sun  be  allowed  for  in  this  '  .. 
revolution  of  the  spot,  the  result  will  show  according 
to  Sporer  a  mean  time  of  rotation  for  the  sun 
amounting  to  twenty-five  days,  five  hours,  thirty- 
eight  minutes. 

Kirchhoff,  whose  views  Professor  Sporer,  one  of 
the  most  industrious  observers  of  solar  spots,  has  in 
the  course  of  his  investigations  adopted  with  in- 
creasing confidence,  considers  these  forms  to  be 
cloud-like  condensations  in  the  sun's  atmosphere, 
which  are  produced  by  the  loss  of  the  solar  heat  by 
radiation,  in  the  same  way  as  the  aqueous  vapours 
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of  the  earth's  atmosphere  are  formed  into  mist  and 
cloud.  When  such  clouds  arise  over  the  bright 
and  glowing  surface  of  the  sun,  they  obscure 
the  light  of  the  sun  at  that  spot,  and  it  is  but 
natural  that  these  cloudy  masses,  so  irregularly 
formed,  should  also  become  further  condensed,  or 
be  dispersed  with  the  same  amount  of  irregularity, 
according  as  they  come  in  contact  with  cooler  or 
warmer  streams  of  gas. 

Those  physicists  who  differ  from  Kirchhoff  in 
their  views  of  the  physical  constitution  of  the  sun, 
and  consider,  with  Faye,  that  the  actual  nucleus  of 
the  sun  is  a  non-luminous  ball  of  gas,  entertain 
a  different  theory  of  the  nature  of  the  solar  spots, 
regarding  them  as  rents  or  openings  in  the  bright 
photosphere  surrounding  the  dark  ball  of  gas  through 
which  this  dark  nucleus  is  seen. 

The  elder  and  younger  Herschel  have  both  re- 
corded observations  of  a  depression  or  notch  in 
the  sun's  limb  when  a  spot  has  been  disappearing 
round  the  edge  of  the  sun.  If  the  idea  has  been 
once  entertained  that  a  solar  spot  is  a  cavity  or 
funnel-like  depression  in  the  luminous  photosphere, 
it  is  difficult  to  resist  the  optical  illusion  arising  from 
the  fact  that  a  dark  spot  on  a  bright  background 
always  conveys  the  impression  of  a  hole. 

Fig.  105  shows  a  spot  observed  and  drawn  by 
Secchi  at  Rome,  on  the  5th  of  May,  1857,  which 
resembles  a  gigantic  whirlpool  or  a  funnel,  into  the 
interior  of  which  the  substance  of  the  photosphere 
appears  to  be  rushing  with  an  eddying  motion. 
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Warren  De  la  Rue  has  taken  two  photographic 
pictures  of  the  same  spot  at  an  interval  of  two  days, 
and  if  these  pictures  be  placed  together  and  looked 
at  through  a  stereoscope,  the  spot  exhibits  the  form 


Fig.  105. 


Spiral  Solar  Spot  observed  by  Secchi. 


of  a  funnel  with  remarkable  exactness.  Other 
photographic  pictures  taken  of  similar  spots  when 
at  the  extreme  edge  of  the  sun,  also  convey  the  idea 
of  the  existence  of  real  depressions  in  the  photo- 
sphere. 

The  opinion  that  the  solar  spots  are  funnel-shaped 
depressions  in  the  outer  stratum  of  the  sun's  en- 
velope, or  photosphere,  finds  support  not  so  much 
from  observations  of  this  kind  as  from  the  different 
appearances  they  present  in  their  apparent  motion 
across  the  sun's  disk,  without  any  actual  change 
occurring  in  their  form,  size,  or  grouping. 

Were  a  spot  to  make  its  appearance  upon  the 
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sztr/ace  of  the  sun,  and  become  visible  on  the  eastern 
limb,  the  preceding  or  western  part  of  the  penumbra 
would  first  come  into  view,  owing  to  the  sun's  rota- 
tion from  east  to  west ;  then  the  western  portion  of 
the  umbra  would  appear,  and  the  umbra  itself  would 
gradually  increase  from  west  to  east;,  finally,  the 
most  eastern  portion  of  the  penumbra,  that  which 
was  furthest  from  the  line  of  sight,  would  be  re- 
vealed. In  the  same  way,  on  disappearing  round 
the  western  limb  of  the  sun,  the  preceding  or 
western  part  of  the  penumbra  would  first  become 
invisible,  the  western  penumbra  would  then  gra- 
dually decrease,  after  which  the  umbra  would  di- 
minish in  the  direction  of  west  to  east,  and  finallv 
the  following  or  western  part  of  the  penumbra 
would  entirely  disappear  from  view. 

In  reality,  however,  the  exact  contrary  is  observed. 
On  the  appearance  of  a  spot  at  the  eastern  limb, 
the  eastern  portion  of  the  penumbra  is  first  visible, 
then  follows  the  umbra  in  the  form  of  a  dark- 
streak,  which  gradually  widens  in  the  direction 
of  east  to  west,  till  at  length  when  the  umbra  is 
wholly  visible,  the  western  side  of  the  penumbra 
begins  to  appear.  On  the  disappearance  of  the 
spot  at  the  western  limb  of  the  sun,  the  eastern 
portion  of  the  penumbra,  that  which  is  turned  to- 
wards the  centre  of  the  sun's  disk,  first  diminishes, 
and  the  umbra  again  contracts  into  a  narrow 
streak,  while  the  western  side  of  the  penumbra 
has  scarcely  at  all  decreased.  Only  when  the 
umbra  is  entirely  lost  to  sight  does  the  western 
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In  Fig.  1 06  the  drawings  marked  I  represent 
the  varying  phases  through  which  a  spot  surrounded 
by  a  penumbra  usually  passes  from  the  moment  of 
its  first  appearance  on  the  eastern  limb  of  the  sun 
until  it  disappears  again  at  the  western  limb.  They 
show  that  the  theory  of  the  spot  being  above  the 
surface  of  the  sun,  as  a  cloud  in  the  solar  atmosphere, 
or  being  on  the  surface  itself,  is  untenable ;  the  phe- 
nomena observed,  however,  can  be  at  once  explained 
by  the  supposition  that  the  spot  is  a  conical-shaped 
depression  in  the  outer  surface  of  the  sun  (the 
photosphere),  which  expands  from  the  inside,  and 
contains  in.  its  deepest  recesses  the  cause  of  the 
dark  umbra,  while  its  sloping  sides  are  composed 
of  what  appears  to  us  as  penumbra.  The  drawings 
marked  II  represent  such  a  conical-shaped  cavity 
in  a  globe  shown  in  perspective  in  the  same  posi- 
tions as  those  occupied  by  the  spot  on  the  sun's 
disk  in  the  first  set  of  drawings.  It  is  needless  to 
remark  that  the  size  of  the  spot  in  reality  bears 
no  such  proportion  to  the  size  of  the  sun  as  for 
the  sake  of  clearness  has  been  adopted  in  the 
drawings. 

We  cannot  any  further  follow  the  reasons  for  or 
against  these  hypotheses  concerning  the  cloud-like 
or  funnel-formed  appearance  presented  by  the  solar 
spots,  without  first  becoming  acquainted  with  the 
results  which  spectrum  analysis  has  already  furnished 
in  connection  with  these  mysterious  phenomena. 

William  Huggins,  whose  invaluable  labours  in  the 
province  of  stellar  spectrum  analysis  will  be  discussed 
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hereafter,  made  an  examination  of  the  spectrum  of 
a  solar  spot  on  the  15th  of  April,  1868,  and  then 
found,  in  accordance  with  the  previous  observations 
of  Secchi  and  Lockyer,  that,  notwithstanding  the 
darkness  of  the  spot,  the  continuous  solar  spectrum 
did  not  disappear,  but  that  several  dark  lines  in- 
creased in  bj^eadth  and  intensity^  as  shown  in  Fig.  107 
for  the  double  D-line.  New  lines  did  not  appear  in 
the  spectrum  formed  by  the  light  of  the  umbra  of  a 
spot,  but  no  single  line  was  missing  from  the  normal 
solar  spectrum  ;  bright  lines  were  scarcely  ever  to 

Fig.  107. 


Spectrum  of  the 

Illl 

Surface  of  the  Sun. 

The  D-lines  in  the  Spectrum  of  a  Solar  Spot. 

be  seen.  These  phenomena  cannot  well  be  recon- 
ciled with  Faye's  hypothesis  that  a  spot  is  formed 
by  the  eruption  of  streams  of  gas  from  the  interior 
of  the  sun,  by  which  the  bright  photosphere  is 
pushed  on  one  side,  and  the  dark  ball  of  gas  com- 
posing the  nucleus  of  the  sun  exposed  to  view ;  for 
how  can  the  persistence  of  the  continuous  spectrum 
be  explained  if  by  the  rending  of  the  photosphere  a 
dark  body  be  exposed  which  can  yield  no  light  for 
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the  formation  of  a  spectrum?  According  to  Faye's 
theory,  a  solar  spot  must  either  show  no  spectrum,  or 
if  the  mmv  gaseous  portion  of  the  sun  emit  any  light 
it  must  yield  a  spectrum  composed  of  bright  liiizs ; 
neither  of  which  is  the  case.  The  continuous  spec- 
trum crossed  by  the  Fraunhofer  lines  proves  that  the 
umbra  allows  a  considerable  portion  of  the  sun's 
ordinary  light  to  pass  through  it,  and  the  widening 
of  the  dark  lines  shows  indisputably  that  the  spot 
occasions  an  increased  absoi^ptioii  of  the  Light,  arising 
from  the  condensation  of  the  same  vaporous  sub- 
stance which  produces  the  dark  absorption  bands  in 
the  ordinary  solar  spectrum. 

More  significant  are  the  recent  investigations  of 
Secchi.  In  examining  with  his  great  spectroscope 
the  neighbourhood  of  a  large  spot,  he  saw  groups  of 
three,  four,  or  six  cloudy  bands,  equally  distant  from 
each  other,  appear  in  the  red  and  orange  of  the 
spectrum.  These  bands  usually  disappeared  when 
the  slit  of  the  instrument  was  directed  away  from 
the  spot  on  to  the  clear  disk  of  the  sun  ;  their  appear- 
ance in  the  spectrum  was  always  a  sure  sign  of 
the  proximity  of  a  spot  even  when  it  was  not  itself 
within  the  field  of  the  instrument.  On  the  6th  of 
January,  1869,  Secchi  was  surprised  to  observe 
the  same  bands  on  the  clear  disk  of  the  sun,  the 
cause  of  which  was  soon  apparent  by  the  passage 
of  a  cirrus  cloud  over  the  sun,  and  on  a  closer 
examination  these  bands  were  seen  to  show  them- 
selves in  all  parts  of  the  disk ;  as  the  cloud  passed 
away,  the  bands  disappeared  from  the  spectrum. 
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It  was  thus  proved  that  aqueous  vapour  had  some 
share  in  producing  the  phenomena  of  the  cloudy- 
bands,  and  this  was  demonstrated  still  more  un- 
equivocally by  another  observation  made  in  the 
beginning  of  February,  when  Secchi,  observing 
the  sun  through  a  tolerably  thick  fog,  noticed  that 
these  bands  were  visible  on  every  part  of  the  disk, 
but  decidedly  more  prominent  in  the  vicinity  of  the 
spot.  Secchi  concludes,  therefore,  that  the  absorp- 
tive power  in  the  sun  producing  these  bands  is 
intensified  by  the  absorptive  action  of  the  aqueous 
vapour  contained  in  the  earth's  atmosphere ;  where 
the  earth's  mist  and  the  solar  spot  coincide  this 
action  is  increased  ;  the  cause  of  the  absorption  in 
the  sun  in  the  neighbourhood  of  the  solar  spots  is 
therefore  the  same  as  that  which  is  present  in  a  fog, 
—namely,  aqueous  vapour;  consequently  it  seems 
proved  that  aqueous  vapour  exists  in  the  atinosphere  of 
the  sun  in  the  vicinity  of  large  spots* 

Secchi  also  carefully  analysed  the  fine  group  of 
solar  spots  which  appeared  in  the  middle  of  March, 
1869,  with  a  spectrum  apparatus  consisting  of  a 
powerful  telescope  and  three  very  widely  dispersive 
prisms,  and  arrived  at  the  following  results  : — 

I.  Several  dark  lines  which  were  very  narrow  and 
well  defined  on  those  parts  of  the  sun  free  from  spots 
appeared  swollen  and  widened  in  the  spectrum  of  the 
spot ;  other  lines  were  fainter,  and  not  so  sharply 
defined  at  the  edges,  as  in  the  spectrum  of  other 
parts  of  the  sun. 

*  [This  result  appears  to  the  Editor  to  need  confirmation.] 
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2.  Most  of  the  exceedingly  fine  dark  lines  scarcely 
visible  in  the  solar  spectrum  appeared  very  dark  and 
broad  in  the  spectrum  of  the  spot. 

3.  The  relative  intensity  of  the  bright  portions 
was  considerably  altered  in  the  spot :  while  some 
lost  much  in  brilliancy,  others  retained  their  full 
intensity. 

4.  The  apparent  loss  of  brilliancy  in  the  bright 
portions  was  produced  more  by  the  increased  width 
of  the  dark  lines  than  by  an  actual  diminution  in  the 
light.  The  widening  of  the  two  lines  Dj  and  D^, 
forming  the  sodium  line  D,  for  example,  was  so  great 
that  the  space  between  them  seemed  to  have  almost 
quite  disappeared,  while  in  places  away  from  the 
spot  these  two  lines  were  widely  separated. 

Similar  observations  were  made  on  a  spot  visible 
from  the  nth  to  the  13th  of  April.  The  spot  had  a 
double  oval  umbra,  and  a  large  penumbra,  and  was 
surrounded  by  a  number  of  smaller  spots.  The  two 
principal  portions  of  the  umbra  were  separated  by 
a  very  narrow  and  very  bright  bridge,  which  dividing 
the  spot  into  two  parts,  extended  through  the 
whole  of  the  penumbra  from  one  end  to  the  other. 
The  interior  of  the  umbra  appeared  as  if  filled  with 
rose-coloured  veils,  twisted  confusedly  and  spread 
about  in  every  possible  way. 

Under  very  favourable  atmospheric  circumstances, 
Secchi  was  able  to  confirm  all  the  foregoing  spec- 
trum observations  of  a  spot,  both  with  regard  to  the 
widening  of  the  dark  lines,  and  the  conversion  of 
the  fine  lines  into  cloudy  bands.    The  lines  most 
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affected  were  those  numbered  71 9*5  and  864  in 
Kirchhoff's  spectrum  ;  they  were  at  least  three  times 
as  black  and  broad  on  the  spot  as  in  other  places, 
though  the  edges  were  still  sharply  defined. 

When  the  slit  of  the  spectroscope  was  placed  at 
right  angles  to  the  bridge  of  the  spot,  so  that  the 
light  of  the  bridge,  the  umbra,  and  the  penumbra 
fell  simultaneously  upon  the  prism,  Secchi  saw  in 
the  field  of  the  instrument  three  kinds  of  spectra  at 
the  same  moment,  each  sharply  separated  from  the 
other,  as  shown  in  Fig.  108,  where  they  are  repre- 
sented with  the  Fraunhofer  lines  and  Kirchhoff's 
numbers. 

No.  I  :  the  ordinary  solar  spectrum  given  by  the 
luminous  bridge,  except  that  the  hydrogen  lines 
Ha  =  C,H/3  =  F,  H7  near  to  G  were  bright  in- 
stead of  dark. 

No.  2  :  the  spectrum  of  the  umbra  with  the  dark 
lines  widened  and  intensified,  some  new  striped 
bands  and  some  bright  double  lines  in  the  green  ; 
the  bright  hydrogen  line  of  the  adjoining  spectrum 
of  the  bridge  No.  i  projected  for  some  distance  into 
the  spectrum  of  the  umbra,  a  phenomenon  which  was 
observed  also  in  the  C-line  by  Pvayet  on  the  12th 
of  April,  1870. 

No.  3  :  the  spectrum  of  the  penumbra  in  which 
the  hydrogen  lines  were  not  visible ;  they  did  not 
appear  either  as  dark  lines  or  as  bright  lines,  but 
were  altogether  wanting. 

Besides  the  thickening  of  the  dark  lines,  several 
absorption  bands  made  their  appearance  also  in  the 
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spectrum  of  the  um- 
bra :  one  in  the  red 
near  C  towards  B  ; 
another  near  D,  and 
a  very  dark  zone 
half-way  between  C 
and  D.  A  wide  dark 
space  was  seen  in 
the  green,  and  it  is 
specially  deserving 
of  notice  that  several 
bright  lines  made 
their  appearance 
upon  this  dark  back- 
ground, two  and  two 
together,  at  mode- 
rate distances  from 
each  other,  and  so 
brilliant  that  their 
light  had  not  ap- 
parently suffered  any 
absorption  ;  a  dark 
band  was  also  visible 
in  the  blue  near  F. 

Other  dark  lines 
become  wider  and 
darker  in  the  umbra 
of  a  spot  besides  the 
two  alreadv  men- 
tioned  belonging  to 
calcium  7i9'5  and 
864  of  Kirchhoff's 
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scale:  this  phenomenon  has  been  observed  with 
remarkable  distinctness  in  the  neighbouring  group 
of  iron,  in  the  group  between  the  lines  1207  and 
1 241  (Kirchhoff),  as  well  as  in  that  group  extending 
on  both  sides  of  the  line  1421.  Secchi  has  identi- 
fied a  number  of  these  lines  with  those  of  iron  ; 
they  were  all  more  influenced  by  the  absorptive 
action  of  the  substance  of  the  spot  than  the  two 
D-lines  of  sodium,  which,  though  also  considerably 
widened,  had  lost  the  sharpness  of  their  edges  : 
the  magnesium  lines  b  scarcely  underwent  any 
change  in  the  spectrum  of  the  spot. 

Lockyer  found  in  a  spot  which  he  observed  on  the 
20th  of  February,  1869,  that  the  magnesium  as  well 
as  the  barium  lines  were  increased  in  breadth,  and  he 
agrees  with  Secchi  in  the  opinion  that  this  widening 
of  the  Fraunhofer  lines  which  takes  place  in  the 
spectrum  of  a  spot  arises  from  an  increased  absorp- 
tion in  those  substances  out  of  which  the  spot  is 
composed,  and  that  in  general  the  spots  are  deep 
recesses  in  the  surface  of  the  solar  body,  filled  with 
concentrated  masses  of  those  substances  (iron,  cal- 
cium, barium,  magnesium,  sodium,  hydrogen),  the 
lines  of  which  undergo  an  increase  of  breadth  and 
intensity  in  the  spectrum,  and  over  which  floats  the 
lighter  hydrogen  gas. 

Professor  C.  A.  Young,  of  Dartmouth  College, 
Hanover  (America),  also  found,  when  investigating 
with  the  spectroscope  a  large  group  of  spots  on  the 
9th  of  April,  1870,  that  the  hydrogen  lines  C  and  F 
were  reversed  in  the  umbra,— appearing  bright. 
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C  was  very  bright,  F  much  fainter  ;  the  remaining 
hydrogen  lines,  H  y  (2796  Kirchhoff)  and  H  o  or 
h  (3365*5  K.),  were  not  reversed,  but  appeared 
as  somewhat  finer  lines.  He  remarked  also  that 
many  dark  lines  had  become  wider  and  darker, 
while  others  remained  unchanged,  among  which 
were  a,  B,  E,  1472  (K.),  the  lines  b,  1691  (K.),  and 
G.  The  two  sodium  lines  D,  and  D^,  as  well  as 
850  (iron),  were  evidently  widened,  but  not  to  any 
considerable  extent. 

The  lines  most  affected  by  the  increased  absorp- 
tion in  the  substance  of  the  spot  were  as  follows  : 
864  (Ca.),  877  (Fe.?),  885  (Ca.),  895  (Ca.),  i58o(Ti.), 
1599  (Ti.),  1627  (Ca.),  and  1629  (Ti.)    The  lines  of 

o 

titanium  which  were  identified  by  Angstrom's  map 
were  very  prominent,  and  this  was  the  more  remark- 
able as  they  are  not  visible  in  the  ordinary  solar 
spectrum ;  the  same  observation  was  made  with 
resfard  to  the  calcium  lines. 

The  results  of  the  spectrum  observations  of 
Secchi,  Lockyer,  and  Young,  important  and  valu- 
able as  they  are,  remain  as  yet  too  isolated  and 
unconnected  with  telescopic  observations  of  the 
spots^and  faculae  to  yield  material  sufficient  for  ex- 
plaining the  nature  of  these  forms.  This  much, 
however,  may  be  regarded  as  certain,  that  the  phe- 
nomena of  the  increase  in  the  width  and  intensity 
of  the  Fraunhofer  lines,  as  well  as  the  appearance 
of  new  dark  bands  in  the  spectrum  of  the  umbra, 
are  produced  by  the  increased  absorptive  power  exercised 
by  the  substances  of  which  the  spot  is  formed. 
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When  the  white  light  of  the  sun's  nucleus  which 
has  already  suffered  absorption  from  the  absorptive 
stratum  passes  through  the  vaporous  matter  of  a 
spot,  it  undergoes  a  yet  further  absorption  from  the 
additional  matter  which  the  spot  contains.  As, 
therefore,  the  lines  of  calcium  and  iron  are  consider- 
ably affected  in  the  spectrum  of  a  spot,  the  sodium 
lines  in  a  smaller  degree,  and  to  some  extent  those 
of  magnesium,  it  may  be  concluded  that  the 
substance  forming  the  solar  spots  is  composed  pre- 
eminently of  vapours  of  calcium,  iron,  titanium, 
sodium,  barium,  and  magnesium,  and  that  these 
substances  occur  in  layers  of  varying  thickness, 
and  in  very  different  proportions. 

That  hydrogen  gas  constitutes  an  important  ele- 
ment in  the  formation  of  the  spots  is  shown  in  the 
most  unequivocal  manner  by  the  spectrum.  The 
hydrogen  lines  are  most  affected  in  the  parts  that 
lie  close  to  the  umbra,  in  the  bridge  when  one  is 
formed,  and  in  the  penumbra.  In  the  spectrum  of 
the  bridge  (No.  i)  the  three  characteristic  lines 
Ha,  H  /3,  H  y,  are  ve?y  bright,  in  the  spectrum  of 
the  penumbra  (No.  3)  they  are  often  entirely  want- 
ing, while  in  the  spectrum  of  the  surface  of  the  sun 
and  of  the  umbra  (No.  2)  they  appear  as  the  well- 
known  dark  Fraunhofer  lines  C,  F,  and  the  one 
near  to  G. 

An  explanation*  of  this  phenomenon  is  offered  by 
the  supposition  that  hydrogen  gas  breaks  forth  from 

*  [The  Editor  reminds  the  readers  of  the  book  that  he  is  not 
responsible  for  the  views  and  explanations  of  the  Author.] 
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time  to  time  from  the  interior  of  the  incandescent 
solar  nucleus.  Owing  to  its  extreme  lightness,  this 
gas  would  rise  in  enormous  pillars  of  flame  (pro- 
minences) over  the  absorptive  vaporous  stratum  of 
the  photosphere,  and,  in  consequence  of  the  coding 
ensuing  from  expansion,  would  enter  into  a  variety 
of  chemical  combinations,  especially  with  oxygen  ; 
the  uncombined  part  would  then  flow  to  the  side, 
while  that  in  combination  with  oxygen  (steam)  and 
the  other  solar  substances  would  form  gaseous  or 
vaporous  masses,  which,  from  their  nature  as  weli 
as  from  their  continued  cooling,  would  be  heavier 
than  the  hydrogen  gas,  and  would  sink  down  from 
their  greater  gravity.  It  is  to  be  expected  that  the 
stream  of  gas  on  rising  would  carry  up  with  it  a 
quantity  of  those  substances  that  exist  in  the  sun's 
nucleus  and  the  surrounding  stratum  of  absorptive 
vapour  (the  photosphere);  if  these  substances,  them- 
selves incandescent,  were  present  in  sufficient  quan- 
tities in  the  luminous  hydrogen  gas,  their  charac- 
teristic lines  would  be  seen  as  bright  lines  in  the 
spectrum  of  the  pillars  of  flame.  During  the  recent 
total  eclipses,  many  such  lines  were  in  fact  obser\'ed, 
together  with  the  bright  hydrogen  lines,  in  the 
prominences,  a  description  of  which  will  be  given 
further  on  ;  they  can  now  be  observed  daily,  some- 
times in  great  numbers,  upon  the  sun's  disk. 

When  the  force  of  the  gas  eruption  has  somewhat 
subsided,  and  the  chemical  combinations  ensue, 
producing  vaporous  precipitations  of  many  kinds, 
the  formation  of  the  spot  begins.    The  heavier 
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portions'of  these  precipitations  sink  down,  and  form' 
the  N7/idra  of  a  spot  at  the  place  of  greatest  conden- 
sation, while  the  parts  which  are  less  dense  con- 
stitute the  penumbra.  The  vaporous  umbra,  how- 
ever, though  apparently  quite  black,  is  yet  able  to 
transmit  a  considerable  amount  of  sunlight ;  indeed, 
accordine  to  Zollner's  measurements,  the  black 
umbra  of  a  spot  emits  four  thousand  times  as  much 
light  as  that  derived  from  an  equal  area  of  the  full 
moon.  This  statement  is  fully  confirmed  by  the 
results  of  spectrum  analysis,  for  even  the  blackest 
umbra  yields  a  spectrum  exhibiting  all  the  details 
of  full  sunlight. 

Where  the  spot  is  broken  through  by  the  over- 
flowing masses  of  the  photosphere,  a  bright  band 
is  formed,  called  a  bridge,  which  extends  across  the 
whole  of  the  penumbra.  The  rays  of  light  emitted 
by  the  luminous  hydrogen  as  it  flows  to  the  edges 
of  the  spot  from  the  neighbouring  parts  of  the 
bridge,  and  breaks  over  the  absorptive  stratum  of 
the  bridge,  are  not  further  absorbed,  and  illuminate 
the  dark  Fraunhofer  lines  C,  F,  and  one  near  G; 
these  lines,  therefore,  in  the  spectrum  of  the  bridge 
(No.  i)  are  reversed  from  dark  to  bright.  In  the 
umbra  of  the  spot  the  free  hydrogen  is  no  longer 
present  in  sufficient  quantity  or  at  a  sufficiently 
high  temperature  for  its  lines  H  a,  y  to  over- 
power the  dark  Fraunhofer  lines  C,  F,  and  the  one 
near  G,  or  even  to  weaken  them  perceptibly ;  on 
the  other  hand,  the  intensity  of  the  light  and  the 
temperature  of  the  hydrogen  in  the  parts  belonging 
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to  the  penumbra,  are  sufficient  to  cause  its  three 
bright  lines  coincident  with  the  dark  lines  C,  F,  and 
the  one  near  G,  to  be  of  the  same  intensity  as  the 
neighbouring  parts  of  the  spectrum,  and  therefore 
they  become  invisible.  In  the  spectrum  of  the 
bridge  (i)  these  lines  are  generally  bright,  in  that 
of  the  umbra  (2)  they  remain  dark,  while  they  are 
frequently  entirely  wanting  in  the  spectrum  of  the 
penumbra. 

The  various  remarkable  changes  which  the  lines 
of  hydrogen,  magnesium,  sodium,  calcium,  and 
iron  suffer  in  the  spectrum  of  the  umbra,  seem  to 
show  that  in  the  cloud-like  and  vaporous  substances 
constituting  the  spot,  the  new  combinations  are 
disposed  in  layers  according  to  their  specific  gravity. 
Thus  hydrogen  gas  occupies  the  highest  stratum ; 
aqueous  vapour,  magnesium,  and  sodium  follow  in 
thinner  layers  below ;  and  the  heavier  vapours  of 
calcium,  titanium,  and  iron  form  the  lowest  and 
densest  stratum,  the  base  of  the  spot. 

The  formation  of  a  spot  will  accordingly  immedi- 
ately follow  an  eruption  of  hydrogen ;  the  spot 
itself  is  a  dense,  cloudy,  luminous  mass,  probably  of 
a  semi-fluid  consistency,  composed  of  many  con- 
stitutents — according  to  Zollner,  a  kind  of  scoria — 
which  sinks  by  its  gravity  a  certain  depth  into  the 
photosphere,  or  outer  portion  of  the  sun,  and  par- 
tially intercepts  the  light  from  the  lower  stratum 
of  the  photosphere,  therefore  presenting  to  us  the 
appearance  of  a  dark  mass  projected  upon  the  disk 
of  the  sun,  in  the  same  way  as  the  exceedingly 
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intense  light  of  the  oxyhydrogen  lime-light  appears 
black  when  seen  against  the  sun. 

The  enormous  dimensions  of  these  dense  masses 
of  vapour,  which  extend  sometimes  in  all  directions, 
account  for  the  length  of  time  the  spots  continue 
visible,  not  unfrequently  remaining  during  several 
rotations  of  the  sun.  Their  disappearance  is  to  be 
explained  partly  by  the  substance  of  the  photosphere 
flowing  into  the  cavity  of  the  spot,  partly  by  the 
complete  subsidence  of  the  vapours  into  the  nucleus 
of  the  sun,  where,  in  consequence  of  the  enormous 
heat,  the  compound  substances  which  may  exist  in 
them  are  broken  up  into  their  original  elements. 

These  conjectures  are  by  no  means  intended  to 
afford  a  complete  explanation  of  all  the  phenomena 
of  a  solar  spot.  Though  it  certainly  is  of  the 
highest  interest  for  us  to  acquire  a  knowledge 
of  the  physical  nature  of  that  heavenly  body 
whence  we  derive  light,  heat,  motion,  and  life,  we 
must  yet  be  cautious  of  receiving  for  truth  what  is 
only  the  result  of  speculation,  especially  as  the 
theories  on  this  subject  rest  on  isolated  observations 
which  are  too  unconnected  to  point  to  any  certain 
conclusion.  The  suggestions  here  thrown  out  are 
only  intended,  therefore,  to  throw  some  light  upon 
the  results  hitherto  obtained  by  the  spectrum  obser- 
vations of  Secchi,  Huggins,  Lockyer,  and  Young, 
and  by  affording  an  unconstrained  interpretation  of 
them  to  bring  them  into  harmony  with  the  pheno- 
mena observed  during  the  total  solar  eclipses  of 
1868  and  1869. 
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49.  Total  Solar  Eclipses/ 

The  reason  why  our  knowledge  concerning  the 
nature  of  the  siin  is  still  so  imperfect  that  it  is  scarcely 
possible  to  decide  between  the  diametrically  opposed 
theories  of  Kirchhoff  and  Faye,  is  that  the  remark- 
able phenomena  occurring  on  the  sun's  limb  are 
so  completely  overpowered  by  the  blinding  light  of 
the  solar  nucleus  or  photosphere  that  they  remain 
invisible  even  in  the  most  powerful  telescopes.  It 
is  not  sufficient  to  get  rid  of  the  sun's  rays  by 
the  interposition  of  an  opaque  screen,  because  the 
diffused  light  of  the  sky  cannot  be  eliminated  by 
this  means,  and  this  light  even  is  so  intense  as  to 
conceal  the  faint  light  of  the  sun's  appendages.  It 
is  quite  otherwise,  however,  during  a  total  eclipse  of 
the  sun  ;  then  the  moon  covers  the  whole  of  the 
sun's  disk,  and  includes  a  large  tract  of  the  earth's 
surface  in  the  cone  of  its  shadow,  revealing  to  the 
observer,  who  is  no  longer  hindered  by  the  light 
of  day,  a  display  of  phenomena  round  the  sun 
which  can  be  seen  in  no  other  wa}^  and  the  study 
of  which  is  peculiarly  fitted  to  throw  light  on  the 
nature  and  physical  constitution  of  the  sun. 

When  at  the  commencement  of  a  total  solar 
eclipse  the  moon  in  her  course  from  west  to  east 
passes  over  the  disk  of  the  sun,  the  observer  per- 
ceives by  the  use  of  a  simple  dark  glass  the  first 
contact  of  the  moon's  disk  on  the  west — that  is 
to  say  right — side  of  the  sun  ;  if  he  employ  an 
astronomical  telescope,  the  image  is  reversed,  and 
the  eclipse  appears  to  begin  at  the  left  side.  If, 
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however,  lie  continue  to  observe  it  by  direct  vision 
only,  the  moon  is  seen  to  advance  over  the  sun's 
disk  from  west  to  ea-st,  and  the  obscuration  in- 
creases until  the  whole  of  the  sun  is  covered,  and 
the  last  rays  disappear  from  the  sun's  eastern  limb. 
Between  this  moment,  the  commencement  of  total 
darkness  and  that  when  the  following  edge  of  the 
moon  touches  the  sun's  western  limb,  where  at 
the  same  instant  the  solar  rays  reappear  and  the 
total  darkness  is  at  an  end,  are  comprised  the  few 
precious  moments  for  the  sake  of  which  costly  ex- 
peditions are  prepared,  and  the  interest  of  learned 
and  scientific  men  of  every  nation  greatly  aroused, 
since  in  these  moments  a  unique  opportunity  is  af- 
forded for.  the  investigation  of  the  central  body  of 
our  system,  and  the  successful  use  of  this  oppor- 
tunity is  entirely  dependent  upon  the  weather,  for  a 
momentary  veil  of  cloud  or  a  fleeting  whisp  of 
vapour  may  render  unavailing  all  the  trouble  and 
expense  incurred. 

We  will  not  suffer  ourselves  to  be  detained  by  a 
description  of  those  changes  that  pass  over  the 
landscape  as  the  darkness  advances,  nor  dwell  upon 
the  deep  impression  which  the  sudden  disappearance 
of  the  last  rays  of  the  sun,  and  the  equally  sudden 
re-appearance  of  the  light,  make  both  upon  men  and 
animals. 

The  diameter  of  the  cone  of  the  shadow  thrown 
by  the  moon  towards  the  earth,  amounts  at  the 
spot  where  it  touches  the  earth's  surface  on  the 
equator  during  the  time  of  totality  to  about  122 
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miles  :  as,  however,  the  moon,  which  throws  the 
shadow,  only  completes  its  course  in  the  heavens 
round  the  earth  from  west  to  east  in  one  month, 
and  the  earth  which  receives  the  shadow  accom- 
plishes its  revolution  from  west  to  east  in  one  day, 
it  follows  that  the  motion  of  the  moon's  shadow  is 
very  much  slower  than  that  of  the  earth's  surface. 
It  therefore  happens  that  the  earth  appears  to  run 
away  from  under  the  moon's  shadow,  or  that  the 
moon's  shadow  seems  to  run  over  the  earth  from 
east  to  west.  From  an  elevated  position  the  shadow 
of  the  moon  is  seen  to  approach  with  enormous 
rapidity,  and  the  sensation  as  though  a  material 
substance,  such  as  a  terrific  cloud  of  smoke,  were 
rushing  over  the  earth's  surface,  fills  the  uninitiated 
spectator  with  fear  and  dread.  A  few  minutes  before 
the  commencement  of  the  totality,  the  brightest  stars 
become  visible,  and  the  sharply  defined  black  edge 
of  the  moon  appears  surrounded  on  all  sides  by  a 
very  narrow  but  very  brilliant  ring  of  light  of  silver 
whiteness,  which  is  called  the  corona.  From  the 
corona  faint  rays  of  light,  irregular  in  length  and 
oreadth,  stream  out  in  all  directions,  surrounding 
the  moon's  disk  like  a  glor\',  whence  this  crown  of 
rays  is  usually  designated  the  g\ory  (gloires, 
aigrettes)  or  ha/o. 

Fig.  109  is  taken  from  a  very  carefully  prepared 
drawing  by  Dr.  B.  A.  Gould,  and  represents  the 
total  eclipse  of  the  7th  of  August,  1869,  as  it  ap- 
peared to  the  unassisted  eye  at  Des  Moines  in 
North  America. 
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When  the  total  darkness  has  commenced,  the 
proviinenccs  make  their  appearance,  which  are  cloud- 
like masses  of  a  rose  or  pale  coral  colour,  disposed 
either  singly  or  in  groups  at  various  places  on  the 
moon's  limb. 

They  pierce  the  corona  in  the  most  wonderful 
forms,  sometimes  as  single  outgrowths  of  enormous 
height,  sometimes  as  low  projections  spreading  far 


Fig.  109. 


Total  Solar  Eclipbe  of  7lh  AugubL,  1809. 


along  the  moon's  limb.  The  prominences  are 
generally  first  seen  on  the  eastern  (left)  side  of  the 
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sun,  where  at  the  commencement  of  the: totality 
the  moon  only  grazes  the  sun's  edge,  and  the 
space  immediately  surrounding  the  sun  is  yet  un- 
covered ;  in  proportion  as  the  moon  advances  to 
the  east  (E),  the  space  immediately  surrounding  the 
western  parts  (W)  of  the  sun  becomes  free,  and  the 
prominences  are  then  seen  also  on  that  side  in 
greater  number,  and  developed  with  much  greater 
distinctness. 

There  remains  now  no  longer  any  doubt  that 
these  remarkable  phenomena  belong  to  the  sun,  and 
are  great  accumulations  of  the  luminous  gaseous 
material  by  which  the  solar  body  is  wholly  sur- 
rounded ;  it  cannot  therefore  greatly  astonish  us 
that  their  forms  have  been  seen  to  change  even 
during  the  short  duration  of  the  totality ;  that 
which  calls  much  more  for  wonder  is  the  enormous 
height  to  which  these  pillars  of  gas  extend  beyond 
the  limb  of  the  sun,  a  height  which  in  some  in- 
stances exceeds  90,000  miles. 

50.  Photographic  Pictures  of  Total  Solar 

Eclipses. 

Besides  the  important  observations  of  the  first, 
second,  third,  and  fourth  contacts,  especially  needed 
by  astronomers  for  a  more  precise  determination  of 
the  diameters  of  the  sun  and  moon,  and  the  direction 
of  the  moon's  course,  careful  attention  is  also  given 
during  a  total  eclipse  to  the  corona  and  halo 
(Corona  nebst  Strahlenkranz),  and  especially  to  the 
prominences.    The  telescope  was  formerly  the  ex- 
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elusive  means  of  observation  :  photography  was  first 
made  use  of  at  the  great  solar  eclipse  of  i860,  in 
Spain,  where  it  was  employed  with  very  good  results 
by  Secchi  and  De  la  Rue  at  different  stations. 

It  will  in  future  be  extensively  applied  to  the 
record  of  important  eclipses,  since  photographic 
pictures  taken  of  the  sun  through  the  telescope  at 
different  periods  of  observation  give  a  faithful 
transcript  of  the  phenomena  taking  place ;  and 
when  the  pictures  are  taken  at  rapidly  succeeding 
intervals,  and  at  stations  far  removed  from  each 
other,  they  afford  when  collected  together  a  vivid 
picture  of  the  whole  course  of  the  eclipse,  as  well 
as  of  the  phenomena  which  has  occurred  during  the 
totality. 

The  apparatus  needed  for  astronomical  photo- 
graphy is  as  follows  :  i ,  an  astronomical  telescope  ; 

2,  a  driving  clock  to  carry  the  telescope  in  a  direc- 
tion contrary  to  the  revolution  of  the  earth,  at  such 
a  speed  that  a  star  placed  on  a  wire  or  in  the  axis  of 
the  instrument  should  not  alter  its  position  notwith- 
standing the  motion  of  the  earth  on  its  axis,  and  that 
the  telescope,  without  any  interference  on  the-part 
of  the  observer,  should  follow  precisely  the  apparent 
motion  of  a  star  or  any  other  object  in  the  heavens: 

3,  the  photographic  apparatus,  which  in  its  con- 
nection with  the  telescope  consists  only  of  a  con- 
trivance for  holding  the  slide  containing  the  pre- 
pared plate  in  the  place  where  the  image  is  formed 
by  the  object-glass,  and  upon  which  the  eyepiece  is 
usually  directed  ;  this  slide  is  so  arranged  that  the 
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light  may  be  admitted  on  to  the  glass  plate  for 
either  the  fraction  of  a  second  or  for  a  much  longer 
period,  according  to  the  will  of  the  observer. 


Fig.  iio. 


Eiowning's  Photograpliic  Telescope. 

This  contrivance  must  be  fixed  at  the  upper  or 
lower  end  of  the  tube,  according  as  the  telescope  is 
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a  reflector  or  a  refractor, — that  is  to  say,  whether 
the  image  be  formed  by  a  mirror  or  a  lens. 

In  Fig.  no  is  shown  the  photographic  reflecting 
telescope  made  by  Browning  for  the  Indian  Govern- 
ment, with  which  Colonel  Tennant  took  photographs 
of  the  eclipse  of  the  i8th  of  August,  1868,  at  Gun- 
toor.  The  tube  A  A  is  constructed  of  iron,  in  three 
pieces,  connected  together  by  the  two  rings  C,  C,  and 
contains  at  the  lower  end  the  concave  mirror  B,  of 
silvered  glass  (Fig.  in).  By  means  of  two  projecting 
screws,  this  mirror  can  be  easily  so  adjusted  that 
the  rays  reflected  from  it  to  the  plane  mirror  711  n, 
and  thence  to  the  opening  R,  shall  there  form  a 


Fig.  III. 


Path  of  the  Rays  through  the  Telescope. 


small. sharp  image  of  the  object  to  be  observed,  the 
sun  for  instance. 

The  telescope  A  A  is  attached  to  the  declination 
axis,  'and  is  counterbalanced  by  the  weight  D  ; 
close  to  this  counterpoise  is  fixed  the  declination 
circle,  by  which  the  angle  the  tube  makes  with  the 
direction  of  the  pole  is  measured. 

The  hour  circle  E  is  fastened  to  the  polar  axis 
G  G,  and  registers  the  right  ascension  on  the  fixed 
vernier  H.  On  the  under  side  of  this  circle  are 
three  friction  wheels,  two  of  which  are  shown  in  the 
drawing,  by  which  the  friction  of  the  polar  axis 
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placed  parallel  to  the  axis  of  the  earth,  is  so  reduced 
that  a  weight  of  9  lb.  hung-  at  D  on  the  declination 
axis  is  sufficient  to  set  in  motion  the  movable  part 
of  the  instrument,  weighing  about  5  cwt.  The 
weight  of  the  instrument  is  counterbalanced  by  the 
massive  weight  N  attached  to  the  end  of  the  polar 
axis,  and  the  telescope,  counterpoise  D,  and  the 
circle  E,  with  its  driving  screw,  are  thus  held  in 
equilibrium.  The  polar  axis  G  G  carries  the  driving 
wheel  I,  made  of  gun  metal,  which  is  set  in  motion 


Fig.  112. 


Eyepiece  Tube  of  the  Photographic  I'elescope. 

by  means  of  an  endless  screw  placed  underneath  ; 
the  axle  bed  S  of  this  screw  can  be  moved  aside  to 
allow  it  to  be  placed  either  in  or  out  of  contact  with 
the  teeth  of  the  driving  wheel  I,  a  contrivance 
requisite  for  enabling  the  observer  to  turn  the  tele- 
scope by  hand  in  any  direction,  and  fix  it  on  the 
object  to  be  observed :  when  this  has  been  accom- 
plished, and  the  screw  S  is  pushed  back  into  the 
toothed  wheel  I,  the  telescope  can  only  be  moved 
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as  the  clock  drives  it.  The  works  are  enclosed  in 
the  square  bronze  case  T,  and  are  propelled  by- 
means  of  the  driving  weight  U  ;  the  governing  balls 
K  serve  to  regulate  the  clock  which  sets  in  motion 
the  endless  screw,  and  turns  the  driving  wheel  I  and 
the  polar  axis  G  G. 

The  solar  rays  falling  parallel  on  the  mirror  B, 
the  diameter  of  which  is  inches  will,  as  shown  in 
Fig.  Ill,  be  reflected  so  as  to  unite  at  the  focus 
of  the  mirror,  distant  5  ft.  9  in.    Intercepting  the 


Fig.  113, 


Slide  of  the  Photographic  Telescope. 


rays  close  in  front  of  the  focal  point  is  placed  the 
diagonal  mirror  m  by  which  the  converging 
rays  are  reflected  sideways,  and  thrown  into  th^^ 
eye-tube  R.  The  rays  unite  somewhat  beyond  the 
tube  R  to  form  an  image  which  is  a  point  when 
the  luminous  object  has  no  sensible  diameter,  but 
as  the  sun  subtends  an  angle  of  about  3  2',  its  image 
formed  at  the  focus  is  somewhat  more  than  three- 
quarters  of  an  inch  in  diameter. 
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The  eyepiece  tube  R  serves  for  the  reception  of 
the  photographic  slide,  and  for  this  purpose  con- 
tains a  tube  c  (Fig.  112),  which  is  entirely  closed 
from  both  light  and  dust  by  means  of  two  springs  f, 
and  which  can  be  moved  in  and  out  by  the  use  of 
the  powerful  screw  d.  At  the  end  of  this  inner  tube  C 
is  the  slide  ee  (Fig.  113),  which  holds  the  sensitive 
plate  prepared  for  the  reception  of  the  photographic 
image.  The  construction  of  this  dark  slide  will  be 
easily  understood  from  the  drawing.  When  the 
opaque  shutter  b  has  been  pushed  in  so  as  to  cover 
the  four  fine  silver  wires,  the  prepared  plate  is  laid 
upon  the  silver  ledges  fixed  at  the  corners,  and  the 
door  a  shut :  the  slide  is  then  inserted  at  the  end  of 
the  tube  c  (Fig.  112),  the  shutter  b  drawn  out,  and 
the  plate  exposed  to  the  action  of  the  light ;  after 
a  suitable  exposure,  b  is  again  pushed  in,  and  the 
slide  taken  away,  and  replaced  in  the  telescope  by 
another  containing  a  newly  prepared  plate. 

In  order  to  avoid  delay  during  the  short  duration 
of  totality,  six  dark  slides  with  as  many  sensitive 
plates  were  prepared  beforehand  for  photographing 
the  phenomena.  To  secure  the  perfect  definition 
of  the  cross  marked  by  the  four  silver  wires  on  each 
plate,  the  purpose  of  which  was  to  show  the  exact 
position  of  the  sun's  axis  upon  each  photographic 
picture,  the  wires  were  placed  at  a  distance  of  only- 

of  an  inch  from  the  surface  of  the  prepared  plate, 
without  however  interfering  with  the  action  of  the 
exceedingly  thin  shutter  which  moved  up  and  down 
with  safety  between  the  wires  and  the  plate,  touching 
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neither  the  one  nor  the  other.  The  focus  required 
for  the  plate, — that  is  to  say,  the  distance  the  tube  c 
(Fig.  1 12)  had  to  be  withdrawn  from  R  R, — was  as- 
certained by  previous  trials;  for  this  purpose  a  round 
sliding  shutter  was  constructed  at  the  back  of  the 
door  a  (Fig.  no),  which  when  open  allowed  of  a 
view  into  the  interior  of  the  dark  slide  on  to  the 
ground  glass. 

The  two  pictures  represented  in  Fig.  1 14  are 
faithful  copies  of  the  photographs  taken  by  De  la 

Fig.  114. 


Total  Eclipse  ot  i-8th  July,  ib6o.    (Photographed  by  ue  la  Kue.) 

Rue  at  Rivabellosa,  in  Spain,  on  the  i8th  of  July, 
i860  :  the  first  shows  the  appearance  of  the  eclipse 
at  3h.  om.  40s. ;  the  second  at  3h.  3m.  50s.,  G.M.T. 
The  corona  appears  as  a  soft  gentle  light  round  the 
intensely  black  moon  ;  the  prominences  stand  out 
conspicuously  in  different  parts  of  the  corona,  and 
among  them  one  at  the  upper  left  side  assumed  the 
form  compared  by  De  la  Rue  to  a  Turkish  scimitar, 
and  reached  the  enormous  height  of  70,000  miles. 
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The  rays  of  the  halo  emanating-  from  the  corona  ap- 
peared with  great  beauty  in  the  telescope  and  to  the 
unassisted  eye,  but  the  light  was  too  faint  to  make 
any  impression  on  the  photographic  plates. 

Since  these  pictures  were  taken,  spectrum  analysis 
has  entered  the  service  of  astronomy,  and  has  been 
rendered,  mainly  by  the  labours  of  Kirchhoff,  so  in- 
dispensable in  all  investigations  of  the  sun  that  the 
spectroscope  forms  now  an  important  part  of  the 
requisite  apparatus  for  observing  the  phenomena  of 
a  total  solar  eclipse.  When  it  is  remembered  that 
astronomers  have  now  in  addition  the  self-regis- 
tering electric  chronograph  for  recording  time,  as 
well  as  the  newly-invented  photometer  (by  Zollner) 
for  measuring  the  amount  of  light,  it  may  be  sup- 
posed that  for  the  efficient  use  of  so  many  delicate 
instruments,  and  the  observation  of  so  many 
phenomena,  several  experienced  astronomers,  pho- 
tographers, and  physicists  are  required  at  each 
station,  and  therefore  the  outfitting  of  an  expedition 
for  observing  a  total  solar  eclipse  is  both  a  difficult 
and  expensive  undertaking. 

51.  The  Total  Solar  Eclipse  of  the  i8th  of 

August,  1868. 

This  eclipse  afforded  a  remarkable  combination 
of  advantageous  circumstances,  and  excited  con- 
siderable interest  from  the  fact  that  it  could  be  well 
observed  from  many  stations  widely  separated  ;  and 
also  that  the  duration  of  totality  being  6m.  50s.,  was 
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very  nearly  the  greatest  that  can  ever  occur  in  an 
eclipse  of  the  sun. 

A  total  solar  eclipse  is  a  phenomenon  of  rare 
occurrence  at  any  fixed  spot ;  the  last  visible  in 
London  took  place  in  17 15,  and  the  first  in  this 
century  to  be  seen  at  Berlin  will  not  occur  till  the 
19th  of  August,  1857,  while  in  Paris  there  will  not 
be  one  during  the  whole  of  the  nineteenth  century. 
The  eclipse  of  the  i8th  of  August,  1868,  offered  suf- 
ficient inducement  therefore  to  assemble  the  scientific 
men  of  all  nations  for  its  observation,  and  it  might 
perhaps  be  asserted  that  it  excited  the  interest  of  all 
nations  in  a  higher  degree  than  any  other  astrono- 
mical phenomenon  of  this  century.  The  zone  of  total 
darkness  passed  over  the  southern  part  of  Asia  from 
Aden,  across  Hindustan,  Malacca,  Borneo,  Celebes, 
etc.,  in  a  breadth  of  138  miles,  and  expeditions  fur- 
nished with  efficient  and  costly  instruments  were  sent 
out  by  the  North  German  Confederation,  Austria, 
France,  and  England,  under  the  superintendence  of 
well-known  astronomers. 

The  zone  of  totality  from  Aden  to  Torres  Straits 
is  represented  in  Fig.  115,  in  which  the  various 
stations  are  marked :  the  central  dark  line  denotes 
the  middle  of  the  shadow  where  the  duration  of 
totality  was  greatest.  According  to  a  calculation 
previously  made  by  Dr.  Weiss,  of  Vienna,  the  sun 
rose  eclipsed  in  that  region  of  Abyssinia  where 
the  Blue  Nile  begins  its  northward  course.  The 
nucleus  of  the  shadow  grazed  Gondar  with  its 
northern  edge,  passed  over  the  lake  of  Zaka,  and 


f 

SPECTRUM  ANALYSIS. 


by  the  straits  of  Bab-el-Mandeb  to  Aden,  the  first 
station  marked  in  the  map ;  then  it  crossed  the 
Arabian  Gulf  to  southern  India,  where  the  districts 
Jamkandi,  Beejapoor,  Moolwar,  Guntoor,  Masuli- 
patam  lay  near  the  central  line,  and  the  duration  of 


totality  varied  from  5m.  los.  to  5m.  45s.  In  the  Bay 
of  Bengal  and  in  the  Malay  peninsula  (Wha  Tonne) 
the  duration  of  total  darkness  increased  till  in  the 
Gulf  of  Siam  it  attained  its  maximum  of  6m.  50s. 
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The  zone  of  totality  passed  then  through  the 
southern  point  of  the  Anamba  Islands,  over  the 
northern  portions  of  Borneo  and  Celebes,  and 
through  the  middle  of  the  Molucca  group.  The 
cone  of  shadow  passed  further  over  the  southern 
bay  of  New  Guinea,  the  northern  point  of  Australia, 
and  finally  over  the  Pacific  Ocean  to  the  New  Heb- 
rides, where  the  sun  must  have  set  while  still  eclipsed. 

1.  The  North  German  Confederation  sent  out 
two  expeditions,  one  of  which,  consisting  of  Dr. 
Thiele  from  the  observatory  at  Bonn,  and  the 
Berlin  photographers  Drs.  Vogel,  Zenkler,  and 
Fritsch,  selected  Aden  as  a  station;  while  the  other, 
with  Prof.  Sporer  of  Anclam,  Dr.  Tietjen  of  Berlin, 
Dr.  Engelmann  of  Leipzig,  and  Koppe  of  Berlin, 
repaired  to  Moolwar,  in  the  Bombay  presidency, 
four  miles  south  of  Beejapoor. 

2.  The  Austrian  expedition,  under  Dr.  Weiss,  Dr. 
Oppolzer,  and  a  naval  officer.  Lieutenant  Rziha, 
remained  at  Aden  with  the  first  division  of  the 
North  German  Confederation. 

3.  France  also  sent  out  two  expeditions:  the 
first  was  under  the  superintendence  of  Janssen,  an 
observer  greatly  experienced  in  spectrum  investi- 
gations, who  selected  the  station  of  Guntoor; 
the  second,  comprising  Stephan,  director  of  the 
observatory  at  Marseilles,  and  among  others  the 
physicists  Rayet  and  Tisserand,  and  the  engineer 
Hall,  was  sent  farther  east,  and  stationed  them- 
selves at  Wha  Tonne,  a  small  place  near  the  sea, 
in  the  peninsula  of  Malacca. 
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'4.  The  English  expeditions  were  also  admirably 
prepared  ;  the  one  under  the  conduct  of  Captain 
Herschel  took  up  its  position  on  the  western  coast 
of  southern  India,  at  Jamkandi,  in  the  neighbour- 
hood of  Belgaum ;  another  detachment,  under 
Capts.  Haig  and  Tanner,  was  stationed  at  Beejapoor; 
while  a  third,  superintended  by  Colonel  Tennant, 
and  equipped  especially  for  photographic  purposes, 
occupied  a  locality  further  east  at  Guntoor,  where 
Janssen  also  was  stationed. 

5.  The  Jesuits  at  Manilla,  in  the  Philippines, 
fitted  out  a  small  expedition,  consisting  of  Fathers 
Fauro,  Nonell,  and  Ricart,  stationed  at  Mantawa- 
loc-Kekee,  a  coral  island  at  the  entrance  of  the 
Gulf  of  Tomini  or  Garontola,  where  in  company 
with  Captain  Charles  Bullock,  of  H.M.S.  Serpent, 
the  eclipse  was  observed  with  good  results.  This 
station  was  in  0°  32'  50* i"  south  latitude  and  123° 
27'  27*5"  east  longitude  from  Greenwich. 

Besides  these  very  complete  expeditions,  furnished 
with  every  requisite  instrument  for  scientific  in- 
vestigation, there  were  many  private  individuals, 
some  possessed  of  very  good  telescopes,  who  hap- 
pening to  be  in  the  line  of  totatily  observed  the 
eclipse  with  praiseworthy  zeal,  and  obtained  some 
good  results.  Among  these  was  Capt.  Rennoldson, 
who  crossed  the  line  of  shadow  in  mid-ocean  in  the 
steamer  Rangoon,  and  the  four  sketches  he  took 
during  the  totality  were  among  the  first  pictures  pub- 
lished of  the  eclipse.  The  eclipse  was  observed  also 
by  the  governor  of  Labuan,  Mr.  J.  Pope- Hen nessy, 
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on  the  west  coast  of  Borneo,  in  company  with  Capt. 
Reed  and  others,  and  the  account  he  gave  of  the 
phenomena  of  the  eclipse,  with  the  readings  of  the 
barometer  and  thermometer  during  its  course,  is 
of  the  greatest  interest.  At  Adoni,  a  town  near 
Bellary,  in  15°  37'  north  latitude  and  77°  20  east 
longitude,  Lieut.  Warren,  possessing  a  good  tele- 
scope, watched  the  phenomena  of  the  eclipse  with 
care,  and  has  published  his  observations,  including 
the  variations  of  the  thermometer.  The  Dutch 
doubtless  sent  an  expedition  to  the  zone  of  totality 
from  their  settlements  in  the  islands  of  the  Archi- 
pelago, but  no  published  account  of  their  proceed- 
ings has  yet  appeared. 

With  the  purpose  we  have  in  view,  we  must  pass 
over  the  results  of  the  various  expeditions  as  far  as 
they  are  purely  astronomical,  such  as  the  measures 
in  position  and  height  of  the  prominences,  and  the 
observations  of  the  polarization  of  light  in  the 
corona,  as  well  as  those  that  relate  to  the  variations 
of  light  and  heat,  the  changes  in  the  density  of 
the  atmosphere,  etc.,  in  order  to  dwell  in  detail 
on  those  phenomena  registered  by  photography  and 
spectrum  analysis,  since  they  are  of  such  high  im- 
portance that  their  full  significance  cannot  as  yet 
be  fully  realized. 

Photographic  pictures  of  the  eclipse  of  the  i8th 
of  August,  1868,  were  taken  by  the  following  expe- 
ditions : — 

I.  The  North  German  expedition  at  Aden,  under 
Drs.  Vogel,  Zenker,  Fritsch,  and  Thiele. 
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2.  The  English  expedition  at  Guntoor,  under  Col. 
Tennant. 

3.  The  expedition  of  the  Jesuits  from  Manilla,  at 
Mantawaloc-Kekee. 

The  results  obtained  by  Dr.  Vogel,  the  first  on 
the  list,  shall  be  narrated  in  his  own  words  ;  he 
wrote  as  follows,  from  the  steamer  in  which  he  and 
his  party  returned  to  Suez  :  "  We  rose  early,  by  four 
o'clock  on  the  morning  of  the  i8th  of  August. 
About  nine-tenths  of  the  sky  was  overcast.  In  a 
spirit  of  resignation  we  commenced  our  prepara- 
tions. .  .  .  The  task  before  us  consisted  of  taking 
as  many  pictures  of  the  phenomena  as  possible 
during  the  three  minutes,  the  duration  of  totality  at 
Aden.  For  this  purpose  we  had  regularly  drilled 
ourselves  in  the  use  of  the  photographic  telescope, 
like  so  many  artillerymen  at  a  gun.  Dr.  Fritsch 
prepared  the  plates  in  the  first  tent ;  Dr.  Zenker 
undertook  the  insertion  of  the  dark  slide  into  the 
tube ;  Dr.  Thiele  attended  to  the  exposure  of  the 
plate  in  the  telescope,  which  by  means  of  the  clock 
followed  the  course  of  the  sun  with  such  precision 
that  its  image  remained  immovable  upon  the  pre- 
pared plate  ;  and  I  developed  the  pictures  in  the 
second  tent.  We  had  proved  by  experiment  that 
it  was  possible  in  this  way  to  take  six  pictures  in 
three  minutes.  The  decisive  moment  came  nearer 
and  nearer  ;  to  our  great  joy  the  clouds  we  had 
been  watching  with  so  much  anxiety  began  to  break, 
and  the  sun,  already  partially  eclipsed,  appeared 
occasionally  as  a  crescent.    A  strange  light  over- 
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spread  the  landscape,  something  between  sunlight 
and  moonlight.     The  chemical  action  of  the  light 
was  exceedingly  small.  .   .   .   The  crescent  kept 
diminishing, — the  breaks  in  the  clouds  seemed  to 
increase  ; — we  began  to  hope.    The  minute  before 
totality,   which   commenced   at   6  h.   20  m.,  flew 
rapidly  by.    Dr.  Fritsch  and  I  hastily  crept  to  our 
tents,  and  remained   there,  seeing  unfortunately 
nothing  of  the  totality  under  these  circumstances. 
Our  work  began.    The  first  plate  was  exposed  five 
and  ten  seconds,  to  test  the  right  amount  of  expo- 
sure.   Mohammed,  our  black  servant,  brought  me 
the  first  dark  slide  with  the  plate  that  had  just  been 
exposed.    I  poured  the  developing  solution  of  iron 
over  it,  looking  eagerly  for  the  expected  image. 
My  lamp  at  this  moment  went  out.   'Light !  Light !  ' 
I  called — '  Light !'  but  no  one  heard  ;  every  one  had 
enough  to  do.    I  caught  at  the  outside  of  the  tent 
with  one  hand, — holding  the  plate  in  my  left, — and 
happily  found  the  oil  lamp  which  I  had  placed  there 
lighted  in  case  of  accident ;  then  I  saw  the  small 
image  of  the  sun  appearing  on  the  plate  (Fig.  116). 
The  dark  edge  of  the  moon  was  surrounded  by  a 
range  of  remarkable  elevations  at  one  side,  while 
on  the  other  there  was  an   extraordinary  horn 
-or  protuberance.    Both  phenomena  were  perfectly 
analogous  in  the  two  pictures  on  the  same  plate. 
My  delight  was  great,  but  it  was  no  time  for  re- 
joicing. The  second  plate  was  soon  brought  me,  and 
a  minute  later  the  third  was  also  in  my  tent.    '  The 
sun  is  coming  !  '  called  out  Zenker,  and  the  totality 
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was  over.  All  seemed  but  the  work  of  a  moment, 
so  rapidly  had  the  time  flown.  The  second  plate 
gave  in  developing  only  faint  traces  of  an  image, 
and  showed  peculiar  markings  ;  this  was  explained 
by  thin  passing  clouds  which  had  almost  entirely 
interrupted  the  photographic  action.    The  third 

Fig.  ii6. 
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Total  Solar  Eclipse  of  1 8th  August,  1868.     (Observed  at  Aden.)    (Picture  i.) 

plate  (Fig.  117),  taken  during  the  third  minute  of 
totality,  showed  two  successful  pictures,  with  promi- 
nences on  the  lower  limb,  as  seen  in  an  inverting 
telescope.  The  fourth  picture  (Fig.  1 18)  was  taken 
at  the  last  moment  of  totality,  and  exhibited  yet 
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more  plainly  the  prominences  that  had  already  ap- 
peared on  the  western  limb  of  the  sun." 

By  uniting  in  one  drawing  (Fig.  119)  the  various 
photographic  pictures  taken  during  the  totality,  a 
very  correct  conception  may  be  formed  of  the  way 
in  which  the  prominences  were  arranged  round 
the  sun's  limb  at  the  time  of  the  eclipse.  The 
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Total  Solar  Eclipse  of  i8th  August,  1868.    (Aden.)    (Picture  2.) 


chemical  action  of  the  light  of  the  corona  was  not 
sufficiently  powerful  to  leave  any  impression  on  the 
prepared  plate  during  the  short  time  of  exposure  ; 
but  th  rough  the  telescope,  and  even  with  the  un- 
assisted eye,  this  phenomenon  was  seen  at  every 
station  in  all  its  glory. 

The  great  prominence  on  the  eastern  limb  of  the 
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sun  had  an  elevation  of  about  one-fourteenth  of  the 
sun's  diameter,  or  about  60,000  miles. 

In  the  various  drawings  of  the  totality,  more  or 
less  carefully  executed,  which  have  been  contributed 
by  different  observers,  the  prominences  are  very 
differently  represented  both  as  to  size  and  position. 
After  rejecting  those  unworthy  productions  prepared 

Fig.  118.  -y^ 
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Total  Solar  Eclipse  of  i8th  August,  1868.    (Aden.)    (Picture  3.) 

for  sale  which  are  finished  merely'for  effect  according 
to  the  fancy  of  the  artist,  the  chief  cause  of  these 
discrepancies  will  be  found  to  arise  from  the  fact 
that  the  sun's  disk  assumes  a  different  position  with 
respect  to  the  horizon  according  as  it  is  observed 
at  sunrise,  noon,  or  sunset.  The  same  prominence 
therefore  appears  to  occupy  a  different  position  with 
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respect  to  the  horizon  in  a  picture  taken  early  in  the 
morning  at  Aden  to  that  in  which  it  appears  in  one 
taken  at  midday  at  Celebes.  Another  cause  of 
discrepancy  is  to  be  found  in  the  difference  of  time 
(about  seven  hours)  between  the  extreme  ends  of 
the  central  line  of  totality  or  zone  of  observation, 


'E 

Union  of  the  Prominences  in  one  drawing. 

one  of  which  was  at  Aden  and  the  other  at  Celebes, 
and  during  this  time  great  changes  may  have  oc- 
curred in  the  position  and  size  of  the  prominences. 
When  it  is  remembered  also  that  the  image  of  the 
eclipsed  sun  appears  inverted  in  an  astronomical 
telescope,  the  upper  part  being  seen  below,  and  the 
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right  side  reversed  to  the  left,  it  will  easily  be  un- 
derstood that  the  various  drawings  of  the  eclipse 
present  different  appearances  according  to  the  place 
whence  the  phenomena  were  seen,  and  whether  ob- 
served by  the  unassisted  eye  or  by  an  inverting 
telescope. 


Fig.  I20. 


Tennant's  riiotographic  rictures  collected  into  one  drawing. 
(Guntoor,  i8th  August,  iS68.) 

When  the  sun  at  noon  has  reached  its  greatest 
altitude,  the  highest  point  is  the  true  north,  the 
lowest  point  the  true  south.  Standing  face  to  the 
sun,  the  east  lies  90°  from  the  north  point  to  the  left, 
and  the  west  as  many  degrees  to  the  right.  A 
glance  at  Fig.  120  will  show  this  more  clearly;  sup- 
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posing  the  sun's  circumference  to  be  divided  into 
360°,  and  the  north  point  reckoned  as  0°,  the  point  of 
due  east  lies  90°  to  the  left  of  north,  the  south  point 
180°,  and  the  west  270°. 

If  the  sun  be  observed  at  any  other  time  of  day, 
a  vertical  line  represented  by  the  cross-wires  forms 
the  apparent  north  and  south  line,  the  upper  end 
of  which  is  called  the  apparent  north  point,  and  the 
lower  end  the  apparent  south  point.    It  is  therefore 
easy  for  astronomers  to  calculate  the  true  north  for 
any  time  and  place  from  the  apparent  north  by 
means  of  the  latitude  and  the  time  of  observation, 
as  well  as  to  determine  by  the  use  of  a  telescope 
provided  with  a  suitable  micrometer  the  angle  which 
the  apparent  north  and  south  line  makes  with  any 
other  line  drawn  from  the  centre  of  the  sun  to  its 
circumference.    If  therefore  this  angle, — that  is  to 
say,  the  apparent  position  of  any  particular  object 
on  the  limb  or  disk  of  the  sun,  a  prominence  or  a 
solar  spot  for  instance, — be  measured  and  reduced 
to  the  true  north  and  south  line,  and  the  angle 
thus  determined,  or  the  time  position  be  drawn  out 
upon  a  diagram  of  the  sun's  disk,  divided  into 
degrees  {vide  Fig.  120),  the  correct  place  which 
the   object   occupied  on   the   sun   will   then  be 
found,  whatever  the  position  of  the  sun  in  the 
heavens  may  have  been  at  the  time  of  obser- 
vation. 

Fig.  109  gives  a  picture  of  the  total  eclipse  of 
the  7th  of  August,  1869,  taken  at  Des  Moines  at 
five  o'clock  in  the  afternoon,  at  which  hour  the 

21 
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apparent  north  point  was  considerably  removed  from 
the  true  north. 

As  the  disk  of  the  sun  was  never  during  any  part 
of  the  totality  concentric  with  that  of  the  moon,  a 
further  correction  is  necessary  for  transferring  the 
angles  measured  with  the  circumference  of  the  moon 
to  that  of  the  sun.  The  angle  of  position  for  the 
great  prominence  (Figs.  ii6  and  120)  was  about 
80°.  To  assist  in  estimating  the  positions,  the  four 
true  points  of  the  sun  are  given  in  Fig.  1 1 6  and 
following  pictures  of  the  eclipse. 

The  photographs  obtained  by  Col.  Tennant  at 
Guntoor  appear  at  first  sight  to  have  been  less  suc- 
cessful than  those  taken  at  Aden.  He  exposed  six 
plates,  in  all  of  which  the  prominences  were  suffi- 
ciently well  marked  to  allow  of  the  photographs 
being  compared  one  with  another.  Plate  VII.  ex- 
hibits exact  copies  of  these  photographs,  published 
with  the  co-operation  of  Warren  De  la  Rue ;  the 
upper  picture  shows  the  eclipse  at  the  commence- 
ment of  the  totality,  and  the  lower  one  immediately 
before  its  cessation.  In  all  the  pictures  the  same 
large  prominence  appears  which  is  to  be  seen  in 
the  photographs  taken  by  the  German  expedition, 
while  the  configuration  of  the  smaller  prominences 
also  seen  in  each  plate  presents  a  different  appear- 
ance in  every  picture. 

Warren  De  la  Rue  has  superposed  magnified 
copies  (something  more  than  two  inches  in  diameter) 
of  Tennant' s  six  original  photographs,  and  by  a 
careful  estimation  of  the  sun's  centre  and  the  exact 
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coincidence  of  the  large  prominence  in  all  the  pic- 
tures, has  composed  a  drawing  (Fig.  120)  which 
not  only  gives  a  representation  of  the  prominences 

Fig.  121. 


Total  Solar  Eclipse  of  181I1  August,  1868,  at  Mantawaloc-Kekee. 

that  made  their  appearance  during  the  course  of  the 
eclipse,  but  also  shows  clearly  by  the  first  and  second 
inner  contacts  the  beginning  and  the  end  of  the 
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total  darkness.  In  the  figure  the  shaded  disk  I,  I 
represents  the  sun  ;  II,  II  denotes  the  moon's  disk* 
.  at  the  moment  of  second  contact  2  (first  inner  con- 
tact), when  the  totality  began,  and  the  large  promi- 
nence A  appeared  on  the  sun's  eastern  limb ;  III,  III 
is  the  moon's  disk  at  the  third  contact  3  (second 
inner  contact) ;  the  drawing  also  gives  the  position 
of  the  sun's  axis,  the  direction  in  which  the  moon's 
centre  was  travelling  from  west  to  east,  and  indicates 
by  the  dotted  lines  over  the  prominences  a  peculiar 
faint  glimmering  light  which  appeared  on  the  eastern 
side,  and  was  invisible  in  the  telescope  on  account 
of  the  brilliancy  of  the  corona  and  prominences,  a 
phenomenon  the  nature  of  which,  unknown  as  yet, 
may  perhaps  be  discovered  at  some  future  eclipse. 
The  spots  drawn  on  the  sun's  disk  are  those  which 
were  photographed  at  the  Kew  observatory^  on  the 
day  of  the  eclipse.  The  corona  and  the  halo  are 
both  wanting  in  these  photographs. 

The  expedition  of  the  Jesuits  from  Manilla  did 
not  arrive  at  the  place  of  observation,  owing  to  an 
accident  to  the  machinery  of  the  vessel,  till  the 
evening  of  the  17th  of  August,  the  day  before  the 
eclipse,  so  that  no  photographic  experiments  could 
be  previously  made  on  the  spot  selected  as  a  station. 
The  eight  instantaneous  pictures  of  the  principal 
phases  of  the  eclipse  were  successful ;  but  of  the 
four  plates  exposed  during  the  totality,  the  second 
only,  which  was  exposed  twelve  seconds,  showed 

*  For  the  sake  of  clearness,  the  disk  is  drawn  a  little  larger  than 
it  was  in  reality. 
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any  trace  of  the  corona.  This  loss  was  fortunately, 
however,  repaired  to  some  extent  by  immediately 
tracing  upon  the  focussing  glass  of  the  camera 
the  image  of  the  totality  as  it  appeared  upon  the 
smoothly  ground  glass,  and  permanently  fixing  the 
drawing  thus  made. 

Fig.  121  gives  a  view  of  the  totality  as  it  was 
seen  at  Mantawaloc-Kekee  during  the  last  2m.  25s., 
therefore  just  before  the  reappearance  of  the  sun's 
rays.  "  Scarcely  had  the  last  ray  of  sunlight  dis- 
appeared," writes  Father  F.  Fauro  in  reporting  the 
results  of  this  expedition  to  Secchi,  in  Rome,* 
"  when  the  magnificent  corona  or  aureola  burst  into 
view,  as  by  enchantment,  round  the  black  edge  of 
the  moon.  The  form  that  it  assumed  is  shown  in 
Fig.  121,  but  the  colour  was  beyond  the  power  of 
any  artist  to  paint.  All  observers  agree  that  it 
resembled  mother-of-pearl  or  pure  unpolished  silver, 
but  far  more  beautiful  and  more  intensely  brilliant. 
The  corona  consisted  of  three  principal  divisions  : 
the  first  was  a  narrow  circle  of  intense  white  light, 
forming  an  even  band  round  the  edge  of  the  moon  ; 
the  second  extended  further  out,  gradually  diminish- 
ing in  intensity,  but  preserving  a  tolerable  regularity 
of  form  ;  the  third  was  composed  of  a  very  large 
number  of  rays  which  possessed  various  degrees 

*  The  full  account  is  to  be  found  in  "  Natur  und  Offenbarung," 
1869,  p.  145,  and  also  in  the  "  Wochenschrift  fiir  Astronomie 
und  Meteorologie"  (Halle,  1869),  in  papers  communicated  by 
Professor  Heiss,  from  the  "  Builetino  meteoroiogico  dell  'Osserva- 
torio  del  Collegio  Romano."    (Vol.  vii.,  No.  12.) 
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of  intensity,  and  radiated  with  great  irregularity, 
some  reaching  to  a  distance  equal  to  more  than 
double  the  diameter  of  the  moon.  The  aspect  of 
the  ra3^s  changed  slightly  from  one  moment  to 
another,  and  it  deserves  special  notice,  that  a  some- 
what brighter  line  was  seen  to  cut  obliquely  through 
the  lower  (?)  stratum  of  rays.  This  line  represented 
a  ray  of  light  which  made  its  appearance  five  minutes 
after  the  commencement  of  the  totalitv,  and  re- 
mained  visible  as  long  as  the  darkness  lasted."* 

From  the  communications  received  from  the 
various  expeditions,  it  seems  conclusive  that  the 
halo  of  the  corona  presented  a  different  appear- 
ance at  each  station ;  but  as  the  drawings  of  this 
phenomenon  were  made  from  estimations  taken 
merely  by  the  eye,  their  accuracy  is  not  sufficient 
to  warrant  any  conclusions  being  deduced  from 
them.  We  shall  enter  more  fully  upon  this  sub- 
ject when  we  come  to  speak  of  the  spectroscopic 
observations  of  the  corona,  and  the  various  theories 
that  have  been  propounded  as  to  its  nature. 

With  regard  to  the  inner  portion  of  the  corona, 
the  observations  made  at  all  the  above-mentioned 
stations  concur  in  this — that  all  light  was  not  ex- 
tinguished during  the  totality,  but  that  immediate^ 
after  the  disappearance  of  the  sun  (contact  2)  the 
intensely  black  disk  of  the  moon  was  surrounded 
by  a  very  white  and  brilliant  narrow  ring  of  light, 

*  Similar  phenomena  were  observed  by  Mazette  and  Dalbiez,  at 
Perpignan,  during  the  total  eclipse  of  1842  ;  and  by  Stenglein,  at 
Pobes,  in  the  eclipse  of  the  i8th  of  July,  i860. 
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from  which  the  pale  red  prominences  projected  at 
various  places.  The  Austrian  observers,  as  well 
as  the  French  observers  Stephan,  Tisserand,  and 
Janssen,  speak  very  decidedly  of  the  formation  of 
an  intensely  bright  and  very  narrow  ring  of  light 
immediately  round  the  edge  of  the  moon  ;  there  is, 


Fig.  122. 


Solar  Eclipse  of  iSth  August,  1868,  observed  from  the  Steamer  Rangoon. 


therefore,  scarcely  any  doubt  that  the  lower  part  of 
the  corona  belongs  to  the  sun,  and  that  this  close 
appendage  of  the  stm  is  highly  luminous,  but  that  the 
intensity  rapidly  diminishes  at  a  little  distance  from  the 
edge. 
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The  observations  of  the  total  solar  eclipse  of  the 
1 8th  of  July,  i860,  in  Spain  when  the  prominences 
were  photographed  (Fig.  114),  as  well  as  examined 
telescopically  by  many  eminent  astronomers,  left 
scarcely  any  doubt  that  these  remarkable  forms  are 
of  a  gaseous  nature,  and  belong,  not  to  the  moon, 
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but  to  the  sun.  The  eclipse  of  the  18th  of  August, 
1868,  afforded  an  opportunity  for  acquiring  com- 
plete certainty  on  this  subject. 

At  the  same  instant  that  the  corona  started  into 
view,  the  prominences  also  became  visible  on  the 
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eastern  limb  of  the  sun,  precisely  at  the  spot  where 
the  last  rays  of  light  disappeared  at  the  commence- 
ment of  the  totality.  The  first  of  these  prominences, 
to  the  left  of  the  vertical  line  (Fig.  116)  was  of  an  ex- 
traordinary height,  and  shone  with  an  intense  rose- 
coloured  light ;  the  other  prominence  at  the  right 

Fig.  124, 
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Solar  Eclipse  of  i8th  August,  1868,  observed  at  Mantawaloc-Kekee. 

side  of  the  vertical  line  was  of  a  similar  colour  and 
of  equal  brilliancy,  but  was  neither  so  high  nor  so 
beautiful  in  form. 

Fig.  122  shows  the  great  prominence  as  obsen-ed 
from  the  steamer  Rangoon  at  the  beginning  of  total 
darkness,  when  another  prominence,  much  less  in 
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height,  but  spreading  much  further  along  the  sun's 
limb,  made  its  appearance  almost  simultaneously 
upon  the  opposite  side. 

Fig.  123  represents  the  prominences  as  they 
were  drawn  by  Stephan  during  the  course  of  the 
totality  at  Wha-Tonne. 

Fig.  124  is  in  connection  with  the  more  com- 
plete picture  of  the  totality  shown  in  Fig.  121,  and 
merely  represents  the  prominences  as  they  were 
observed  at  Mantawaloc-Kekee  by  the  Jesuits  from 
Manilla  2m.  25s.  before  the  reappearance  of  the  sun. 
In  explanation  of  this  picture,  we  give  an  abstract 
of  Father  Fauro's  communication  to  Secchi. 

The  breadth  of  the  great  prominence  a  was  1°  40', 
that  of  the  second  one  /3  amounted  to  9°  at  the  base. 
Scarcely  had  these  prominences  made  their  appear- 
ance when  a  third  prominence  7  broke  out  from 
the  western  limb  of  the  sun,  and  gradually  increased 
in  size  and  beauty  as  the  moon  passed  over  the 
sun  from  west  to  east  {vide  Fig.  120).  The  pheno- 
menon of  the  gradual  disappearance  of  the  promi- 
nences from  the  eastern  side,  and  the  simultaneous 
increase  and  extension  of  those  on  the  western  side, 
was  distinctly  seen  by  all  observers.  The  height  of 
the  two  prominences  a  and  /3,  the  moment  they 
appeared  in  view,  was  respectively  3'  10"  and  i'  15", 
and  on  repeating  the  measurements  after  an  in- 
terval of  3'  10",  when  the  totality  was  about  half 
over,  their  height  was  found  to  be  2  t2  and  o'  18".* 

*  One  second =450  miles.!  Asarule,onesecondofthemeasured 


f  [More  accurately,!"  is  equal  to  445  miles.] 
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The  prominence  y,  which  was  seen  at  first  with  dififi- 
culty,  was  gradually  disclosed  as  the  moon  passed 
on,  and  when  fully  visible  presented  the  appearance 
of  a  long-  chain  of  mountains.  It  terminated  very 
abruptly  to  the  left,  as  if  suddenly  cut  off,  while 
towards  the  right  it  gradually  diminished  in  height 
until  it  was  lost  behind  the  dark  disk  of  the  moon 
at  the  spot  where  the  corona  exhibited  the  greatest 
amount  of  irregularity. 

In  the  same  picture,  Fig.  124,  a  fourth  pro- 
minence g  is  seen  to  the  left  of  7 ;  it  was  com- 
pletely separated  from  the  other  prominences,  and 
presented  the  appearance  of  a  cloud :  *  the  colour 
was  neither  so  brilliant  nor  so  uniform  as  that  of 
the  others,  and  it  exhibited  some  dark  streaks 
similar  to  those  observed  in  other  prominences  ; 
its  breadth  amounted  to  5°  30'.  Finally,  a  small 
prominence  £  made  its  appearance  half  a  minute 
before  the  end  of  the  totality,  to  the  right  of  the 
chain  of  rosQ-coloured  peaks ;  it  was  perfectly  de- 
tached, and  bore  a  great  resemblance  to  I. 

The  colour  of  the  prominences  was  described  in 
very  different  terms  by  the  various  observers  ;  it 
was  designated  by  most  of  them  as  pale  red,  by 
some  as  scarlet,  bv  others  aq^ain  as  rose-red  or 
pale  coral  red,  and  by  Tennant  as  white. 

angle  of  an  object  seen  upon  the  sun  from  the  earth  may  be 
reckoned  roundly  at  100  German  geographical  miles,  and  one 
minute  of  the  arc  of  the  sun's  circumference  as  122  miles. 

*  In  later  observations  by  ZoUner,  Lockyer,  and  Young,  to 
which  we  shall  have  occasion  again  to  refer,  the  same  forms  are 
repeatedly  exhibited. 
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52.  The  Total  Solar  Eclipse  of  the  7th  of 

August,  1869. 

This  eclipse  was  likewise  invisible  in  Europe ; 
the  zone  of  totality  stretched  from  Alaska,  where 
the  eclipse  began  at  noon,  over  British  America 
and  the  south-west  corner  of  Minnesota,  then 
crossed  the  Mississippi  near  Burlington  (Iowa), 
and  passed  through  Illinois,  Western  Virginia,  and 
North  Carolina,  reaching  the  Atlantic  Ocean  in  the 
neighbourhood  of  Beaufort. 

The  event  excited  the  most  lively  interest  among 
astronomers  and  photographers  throughout  the 
whole  of  North  America,  and  occasioned  the  equip- 
ment of  a  number  of  scientific  expeditions,  which 
were  also  supplemented  by  the  valuable  labours  of 
many  private  individuals.  The  observers  were  in 
almost  every  instance  favoured  with  the  finest 
weather,  and  their  efforts  were  rewarded  b}^  a  large 
collection  of  photographic  pictures,  and  many 
valuable  spectroscopic  and  other  observations. 
That  portion  of  the  zone  of  totality  which  traversed 
the  inhabited  parts  of  the  United  States  was  studied 
everywhere  with  telescopes,  spectroscopes,  and 
other  instruments  of  observation,  so  that  the  whole 
of  this  tract  of  country  became  one  vast  observatoiy. 
Although  the  duration  of  totality  was  less  than  in 
the  eclipse  observed  in  India  (i568),  yet  the  pheno- 
menon was  attended  on  the  whole  with  many  more 
favourable  circumstances  ;  the  heat  was  less  intense, 
the  places  suitable  for  obser\-ation  were  much  more 
conveniently  situated,  and  the  sun's  altitude  was 
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not  SO  great  as  in  the  eclipse  of  1868.  The  most 
important  points  of  investigation  had  reference  to 
the  scrutiny  of  the  prominences  by  means  of  photo- 
graphy and  the  spectroscope,  the  examination  of 
the  nature  of  the  corona,  and  the  search  for  planets 
between  Mercury  and  the  Sun. 

The  most  complete  expeditions  were  those  sent 
out  from  Washington,  one  from  the  Nautical  Al- 
manac Office,  the  astronomical  department  being 
under  the  charge  of  Professor  Coffin,  while  the 
photographic  arrangements  were  conducted  by 
Professor  Henry  Morton,  of  Philadelphia :  another 
expedition  was  despatched  from  the  United  States 
Naval  Observatory,  under  the  superintendence  of 
Commodore  B.  F.  Sands. 

The  first  expedition,  under  the  guidance  of  Pro- 
fessor Morton,  selected  stations  in  the  State  of  Iowa, 
as  follows  : 

1.  Burlington,  where  the  observers  were  Professor 
Mayer,  and  Messrs.  Kendall,  Willard,  Phillipps,  and 
Mahoney,  together  with  Dr.  C.  A.  Young,  Professor 
of  Dartmouth  College  (Hanover),  well  known  as  an 
experienced  spectroscopist,  and  Dr.  B.  A.  Gould,  to 
whose  charge  the  photographic  department  was 
committed ; 

2.  Ottumwa,  where  Professor  Himes,  and  Messrs. 
Zentmayer,  Moelling,  Brown,  and  Baker,  were 
stationed ; 

3.  Mount  Pleasant,  occupied  by  Professor  Morton, 
and.Messrs.  Wilson,  Clifford,  Cremer,  Ranger,  and 
Carbutt,  as  well  as  .by  some  other  Professors,  in 
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eluding  Pickering,  who  were  desirous  of  making 
astronomical  observations  on  the  physical  phe- 
nomena of  the  eclipse. 

Stations  selected  by  the  second  expedition  : 

1.  Des  Moines  (Iowa),  where  Professor Newcomb 
undertook  the  observation  of  the  corona  and  the 
search  for  intermercurial  planets,  Professor  Hark- 
ness  the  spectroscopic  investigations,  and  Professor 
Eastman  the  meteorological  department.  Several 
other  gentlemen  skilled  in  solar  photography  asso- 
ciated themselves  with  these  observers. 

2.  Bristol  (Tennessee),  where  Bard  well,  who 
undertook  the  observation  of  the  corona,  and  other 
observers  were  stationed. 

Besides  these  important  expeditions,  furnished 
with  the  most  admirable  and  complete  means  of 
observation,  several  scientific  men  were  engaged  at 
various  points  in  the  zone  of  totality,  either  in 
observing  the  astronomical  details  of  the  eclipse,  or 
in  investigating  the  prominences,  the  corona,  and 
their  spectra.    Among  these  may  be  mentioned 
Dr.  Edward  Curtis,  who  at  Des  Moines  obtained  no 
fewer  than  1 19  pictures  of  the  different  phases  of  the 
eclipse  ;  W.  S.  Oilman,  by  whom  some  most  valuable 
observations  were  instituted  at  St.  Paul  Junction 
(Iowa)  upon  the  connection  between  the  solar  spots, 
the  faculse,  and  the  prominences;  J.  A.  Whipple,  who 
with  Professor  Winlock  and  several  assistants  pro- 
cured at  Shelbyville  (Kentucky)  eighty  photographic 
pictures,  six  of  which  were  taken  during  the  totality, 
one  of  them  exhibiting  a  complete  and  magnificent 
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corona  ;  as  well  as  Professor  G.  W.  Hough,  Director 
of  the  Dudley  Observatory,  who  in  company  with 
nine  fellow-observers  recorded  all  the  details  of  the 
eclipse  at  Mattoon  (Illinois). 

Out  of  the  mass  of  materials  afforded  by  the  ob- 
servations of  this  eclipse  it  will  only  come  within 
our  province  to  communicate  those  results  which 
have  reference  to  the  physical  constitution  of  the 
sun,  and  were  obtained  partly  by  photographic 
delineation,  and  partly  by  the  help  of  the  spectro- 
scope. Here,  as  in  §  51,  the  phenomena  of  the 
eclipse  as  exhibited  in  the  telescope  and  on  the  pho- 
tographic plates  will  first  be  described,  while  the 
details  of  the  prominences  and  the  corona  revealed 
by  the  spectroscope  will  be  deferred  to  a  future  page. 
The  course  of  the  eclipse  and  the  photographic  work 
carried  on  at  Mount  Pleasant,  where  the  totality 
lasted  two  minutes,  forty-eight  seconds,  is  described 
by  Wilson  nearly  as  follows  : — 

"  For  some  days  prior  to  the  eclipse  the  sky  was 
overcast  and  threatened  rain,  but  the  7th  of  August 
was  bright,  without  a  cloud,  such  a  day  as  had  not 
occurred  for  months,  and  the  sun  shone  with  re- 
markable clearness  and  warmth.  The  moment  of 
first  contact  arrived ;  the  first  plate  was  already 
placed  in  the  tube ;  Professor  Watson  signalled  to 
us  the  moment  for  exposure  by  a  motion  of  the  hand; 
the  instantaneous  shutter  was  opened  and  closed, 
and  the  first  picture  w^as  taken.  We  thus  commenced 
a  series  of  pictures  taken  at  intervals  of  five  or  ten 
minutes  till  the  commencement  of  totality,  after 
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which  the  series  was  continued  on  the  re-appearance 
of  the  sun  till  the  termination  of  the  eclipse.  Dark- 
ness came  on  with  the  totality,  but  not  the  darkness 
of  night ;  still  it  rendered  reading-  impossible.  The 
amount  of  light  upon  the  landscape  was  scarcely 
equal  to  that  of  bright  moonlight,  yet  it  was  sufficient 
for  us  to  pursue  our  work.  An  instant  before  the 
commencement  of  totality  the  thin  crescent  of  the 
sun  was  still  quite  dazzling  ;  then  the  light  went  out 
as  from  an  expiring  candle. 

"  There,  between  heaven  and  earth,  hung  face  to 
face  the  two  great  luminaries,  sun  and  moon,  a  large 
black  round  spot  encircled  by  a  brilliant  ring  of  deep 
gold-coloured  light,  interrupted  here  and  there  by 
the  brighter  spots  of  the  flesh-coloured  prominences 
of  irregular  size  and  form,  and  surrounded  by  the 
magnificent  corona,  which  shot  out  rays  in  ever}^ 
direction,  faintest  where  the  prominences  were  most 
conspicuous,  but  enveloping  the  whole  with  a  glor}- 
which  was  marvellously  beautiful,  as  if  the  Creator 
were  about  to  show  His  omnipotence  in  this  wonder. 
The  phenomenon  resembled  a  gigantic  image  from 
a  magic-lantern  received  upon  the  heavens  as  a 
screen.  Four  plates  were  exposed,  when  suddenly 
the  full  significance  of  those  words  was  realized, 
'  Let  there  be  light,  and  there  was  light,'  for  a 
mighty  flood  of  brilliant  light  gushed  forth  like 
the  rushing,  foaming  waters  of  Niagara.  The  sun 
came  forth  like  a  conqueror  from  a  battle  with  the 
Titans,  and  was  greeted  with  acclamations  by  the 
assembled  spectators." 
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The  three  pictures  of  the  totality  taketi  at  Mount 
Plea:;ant  were  not  remarkably  sharp,  as  the  telescope 
was  not  furnished  with  a  clock  movement :  much 
better  results  were  obtained  by  the  observers 
stationed  at  Ottumwa  and  Burlington  ;  at  Ottumwa 
forty  negatives  were  taken,  four  of  which  were 
during  the  totality ;  and  of  the  forty  pictures  ob- 
tained at  Burlington,  six  were  taken  while  the 
totality  lasted;  so  that  the  expedition  under  Morton 
contributed  thirteen  pictures  of  the  totality,  several 
of  which  were  of  great  excellence. 

A  picture  of  this  magnificent  spectacle  has  been 

already  given  in  Fig.  109,  showing  the  prominences 

and  corona  after  drawings  made  by  Dr.  Gould  ;  the 

photographic  plates,  which  were  exposed  for  the 

brief  space  of  from  five  to  sixteen  seconds,  give 

only  faint  traces  of  the  corona,  on  account  of  its 

light  being  too  weak  to  produce  in  so  short  a 

time  any  chemical  acticn  on  the  prepared  plates. 

Plate  YIII.  contains  correct   copies   of  the  two 

photographic  pictures  taken  at  Burlington  at  the 

commencem'fent  of  the  totality  and  immediately 

before  its  termination.    In  the  upper  picture  the 

first  prominences  are  just  becoming  visible  on  the 

eastern  limb  of  the  sun,  while  those  on  the  western 

limb  are  still  covered  by  the  moon  ;  by  the  further 

advance  of  the  moon  from  west  to  east,  the  eastern 

prominences  are  shown  in  the  lower  picture  to  be 

gradually  disappearing,  while  those  to  the  west  are 

being  revealed  with  increasing  distinctness. 

Fig.  125  unites  in  one  picture  all  the  prominences 

22 
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I'^S.v  they  appecwd  on  the  sun's  limb  during  the 
xourse  of  the  .totality,  whether  as  single  and 
isolated  flames,,  or  in  less  definite  forms  as  wide- 
spread lum.inpus  masses,  arranged  according  to  the 
measures  obtained  and  the  estimations  made  of 
.their  angles  of  position  (p.  321).  The  prominences 
are  numbered  from  i  to  12,  beginning  at  north 


Fig.  125. 

N 


Union  of  the  Prominences  in  one  Drawing.    (Total  Eclipse  of  the 

7th  August,  1869.) 


and  passing  by  east  and  south  to  west;  among 
them  Nos.  4,  5,  and  8  are  especially  remarkable 
from  their  form  and  height.  No.  4,  called  "  the 
eagle,,"  rose  to  a  height  of  82".  No.  5,  "a  ne- 
bulous cloud  of  flame"  extending  from  B  to  C, 
attained  a  height  of  136";  while  No.  8,  compared 
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to  ""the  head  of  an  albatross,"  measured  75"  in 
height,  whence  it  may  be  calculated  that  the  actual 
height  of  these  prominences  must  have  been  re- 
spectively 37,000  miles,  6r,ooo  miles,  and  34,000 
miles. 

In  the  photographic  pictures  there  was  to  be 
seen  a  glow  of  light  of  indefinite  form  (represented 
in  Fig.  125  by  an  irregular  dotted  line),  which 
extended  from  the  point  N  towards  the  east 
nearly  as  far  as  S,  and  attained  a  maximum  ele- 
vation of  2'  15''  about  half-way  between  the  pro- 
minences 2  and  4,  and  again  at  a  few  degrees  south 
of  5.  In  the  vicinity  of  the  prominences  3  and  5, 
near  the  points  where  the  luminous  appendage 
had  attained  its  greatest  elevation,  several  tongues 
of  vivid  flame,  separated  one  from  another,  rose 
high  above  the  lower  portions  of  the  mass  of  light. 
The  white  nebulous  cloud  of  light  between  B  and 
C  attained  a  height  of  at  least  64,000  miles.  A 
similar  luminous  cloud  was  seen  in  the  pictures 
along  the  western  side,  extending  from  south  to 
north ;  it  reached  a  maximum  height  between  the 
prominences  11  and  12,  and  at  the  point  N  was 
cut  off  almost  perpendicularly. 

The  dotted  circle  within  the  moon's  edge  shows 
the  proportional  size  of  the  sun,  as  well  as  its 
position  in  the  middle  of  totality.  The  arrow  marks 
the  direction  of  the  moon's  course;  but  the  fact 
that  the  disks  of  the  sun  and  moon  were  never 
perfectly  concentric  during  the  eclipse,  has  not 
been  disregarded  in  the  drawing. 

22  A 
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In  the  photographic  pictures  the  bases  of  the 
prominences,  with  the  exception  of  No.  4,  project 
within  the  circle  formed  by  the  moon's  edge,  as 
shown  in  Fig.  125.  The  explanation  of  this  re- 
markable phenomenon  was  thought  to  be  found 
in  the  circumstance  that  the  photographic  telescope 
by  following  the  motion  of  the  prominences  by 
clockwork,  kept  their  image  immovable  on  the 
photographic  plate,  while  the  image  of  the  moon, 
owing  to  its  angular  motion  being  different  to  that 
of  the  sun,  continued  to  advance  over  the  plate. 
Dr.  Curtis,  however,  has  strikingly  shown  by  pho- 
tographing from  an  artificial  eclipse  in  which  the 
moon  was  represented  by  black  paper,  notched 
for  the  prominences  and  corona,  that  this  pro- 
jection of  the  prominence-images  on  the  disk  of  the 
moon  is  caused  by  a  kind  of  photograpliic  irradiation 
on  the  prepared  plate,  and  is  therefore  an  entirely 
mechanical  action  which  always  occurs  where  an  in- 
tensely bright  object  is  in  immediate  contact  with  a 
dark  one,  and  the  duration  of  the  action  of  the  light 
(time  of  exposure)  has  exceeded  the  proper  limit. 

The  eclipse  of  1868  observed  in  India,  though 
furnishing  so  many  valuable  details  concerning  the 
prominences,  was  almost  without  results  with  respect 
to  the  corona.  The  various  observers  of  the  eclipse 
in  America  were  all  the  more  eager,  therefore,  to 
examine  the  details  of  this  remarkable  phenomenon, 
its  form,  its  spectrum,  and  especially  its  connection 
with  the  prominences. 

The  photographs  of  short  exposure  (from  one  to 
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seven  seconds)  show  the  corona  only  in  its  brightest 
parts  close  to  the  edge  of  the  sun  ;  still  they  give,  es- 
pecially those  taken  at  Ottumwa,  a  tolerably  distinct 
image  of  it,  with  nearly  the  same  form  as  it  pre- 
sented to  the  unassisted  eye.  The  curved  path  of 
the  rays,  and  the  varying  intensity  with  which  they 
stream  out  from  the  different  points,  can  be  dis- 
tinctly traced  in  these  pictures.  The  most  brilliant 
rays  agree  strikingly  in  position  with  the  light  of 
those  prominences  which  have  the  form  of  a  pointed 
flame,  while  where  the  prominences  resemble  rounded 
masses  a  shadow  seems  cast  upon  the  corona.  It 
is  clearly  evident  from  these  pictures  that  the  corona 
does  not  move  along  with  the  moon  during  the 
totality,  but  that  it  remains  concentric  with  the  sun. 
It  becomes  more  and  more  covered  at  the  eastern 
edge  in  proportion  as  the  moon  advances,  and  in 
the  same  proportion  is  gradually  revealed  on  the 
opposite  side. 

In  order  to  obtain  a  complete  photographic  pic- 
ture cf  the  entire  corona  in  all  its  parts,  not  only 
must  the  time  of  exposure  considerably  exceed  that 
requisite  for  the  intensely  bright  prominences,  but 
the  image  of  the  corona  must  not  be  magnified 
before  falling  on  the  photographic  plate.  J.  A. 
Whipple,  of  Boston,  accordingly  arranged  his  tele- 
scope for  photographing  the  corona  at  Shelbyville 
(Kentucky)  in  such  a  manner  that  the  prepared 
plate  was  placed  in  the  main  focus  of  the  object- 
glass,  and  he  employed  forty  seconds  as  the  time 
of  exposure.    In  this  way  a  picture  was  obtained 
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in  which  the  prominences  appeared  only  as  bright 
spots,  while  the  inner  ring  of  light,  as  well  as  the 
outline  of  the  whole  corona,  and  the  peculiar  curve 
of  its  rays,  are  clearly  shown.  Fig.  126  is  an  exact 
copy  of  this  picture,  with  the  exception  that  in  the 
original  the  light  fades  away  more  gradually,  and 
the  rays  are  not  so  sharply  defined. 

When  the  corona  is  observed  through  a  large 
telescope,  only  a  small  portion  of  it  can  be  seen  at 
once,  and  the  instrument  must  be  gradually  turned 


Fig.  126. 


Photographic  Picture  of  the  Corona,  7th  August,  1869. 

round  the  entire  limb  of  the  moon  in  order  to  obtain 
a  general  view  of  the  whole.  Professor  Eastman, 
who  instituted  observations  of  this  kind  at  Des 
Moines,  has  published  two  pictures  of  the  corona, 
one  of  which,  represented  in  Fig.  127,  was  taken  at 
the  commencement  of  the  totality,  and  the  other 
just  before  its  termination.  The  instant  the  totality 
began,  the  corona  made  its  appearance  as  a  light  of 
silvery  whiteness,  with  an  exceedingly  tender  flush 
of  a  greenish-violet  hue  at  the  extreme  edges,  and 
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not  the  slightest  change  was  perceptible  during  the 
totality  in  the  colour,  the  outline,  or  the  position 
of  the  rays— an  observation  confirmed  ,by  Professor 
Hough  at  Mattoon  (Illinois),  by  Gill,  and  by  several 
others. 


Fig.  127. 


The  Corona  of  the  Eclipse  of  7th  August,  1869,  at  Des  Moines. 


The  corona  appeared  to  consist  of  two  principal 
portions:  the  inner  one,  next  to  the  sun,  was  nearly 
annular,  reaching  an,  elevation  of  about  i',  and  in 
colour  of  a  pure  silvery  whiteness;  the  outer  por- 
tion consisted  of  rays,  some  of  which  grouped 
themselves:  into   five  star-like  poijits,  while  -  the 
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Others  assumed  the  appearance  of  radiations,  and 
were  the  most  sharply  defined;  the  corona  was 
scarcely  visible  between  the  prominences  a  and  b. 
The  star-like  rays  attained  a  height  equal  to  half  the 
diameter  of  the  sun. 


Fig.  128. 


Gould's  Drawing  of  the  Corona  of  7th  August,  1869  (4h.  fSm.) 


Dr.  B.  A.  Gould  observed  the  corona  with  the 
unassisted  eye  at  Burlington,  and  made  three  com- 
plete drawings  of  it  during  the  totality,  at  intervals 
of  one  minute.  In  Figs.  128  and  129  two  of  the 
pictures  are  given,  one  representing  the  corona 
at  the  commencement  of  the  totality,  at  4h.  58m., 
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and  the  other  at  5h.,  immediately  before  its  termi- 
nation. These  pictures  by  Gould  appear  to  be 
opposed  to  the  observations  cited  above,  that  the 
corona  preserved  the  same  appearance  throughout 
the  totality,  inasmuch  as  they  seem  to  show  some 


Fig.  129. 


Gould's  Drawing  of  the  Corona  of  7th  August,  1869  (5h. ) 


evidence  of  change.  This  observer  therefore  main- 
tains that  owing  to  the  long  exposure  of  forty 
seconds,  the  sharp  photographic  picture  (Fig.  126) 
does  not  represent  the  corona,  but  another  lu- 
minous atmosphere  of  the  sun — the  chromosphere. 
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Against  this  opinion  of  Gould's,  it  must  first 
of  all  be  remarked  that  it  is  not  possible  to  draw 
a  correct  picture  of  the  corona  in  all  its  details 
merely  by  the  unassisted  eye,  without  the  aid  of 
instruments  of  measurement,  for  which  reason  all 
the  drawings  of  the  various  observers  made  merely 
by  the  eye  differ  one  from  the  other,  and  from  the 
photographs;*  then,  again,  the  photographic  picture 
taken  by  Whipple  that  has  been  alluded  to,  cannot 
possibly  represent  the  chromosphere,  since  this  ap- 
pendage of  the  sun,  as  will  be  seen  further  on,  is 
not  higher  than  lo"  (4,450  miles), f  while  the  rays 
of  light  in  the  photograph  attain  a  height  of  lo' 
^277, 000  miles).  Dr.  Curtis  has,  after  a  very  com- 
plete and  searching  investigation,  arrived  at  the 
conclusion  that  Goulds  three  drawings  of  the  corona 
are  not  perfectly  accurate,  and  that  his  views  as  to 
the  variability  of  the  corona,  and  his  explanation  of 
Whipple's  photograph,  cannot  be  justified  ;  but  that, 
on  the  contrary,  the  corona  did  not  change  its  form 
during  the  whole  period  of  total  darkness,  and  that 
the  photograph  referred  to  could  represent  nothing 
else  but  the  corona. 

53.  The  Prominences  and  their  Spectra. 

In  the  total  eclipse  of  the  i8th  of  August,  1868, 
the  spectrum  of  the  prominences  was  observed  by 

[The  differences  between  the  pictures  of  the  corona  made  by 
different  observers  are  often  greater  than  can  be  accounted  for  by 
the  reasons  given  in  the  text.] 

f  [The  whole  question  rests  upon  the  meaning  assigned  to  the 
word  chromosphere.   See  note  at  the  beginning  of  §  56.] 
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Herschel  at  Jamkandi,  by  Haig  at  Beejapoor,  by 
Tennant  and  Janssen  at  Guntoor,  by  Rayet  and 
Hall  at  Wha  Tonne,  and  was  found  by  these  ob- 
servers to  consist  of  a  few  bright  lines,  from  which 
they  concluded  that  these  forms  are  composed  of 
lu7ninous  gases  of  which  hydrogen  gas  is  the  chief 
constituent.  The  spectrum  of  this  gas  is  charac- 
terized, as  is  well  known,  by  three  bright  lines 
(Frontispiece  No.  7),  of  which  the  first,  red,  is 
coincident  with  the  Fraunhofer  line  C  ;  the  second, 
orree7iish-blue,  coincides  with  the  line  F;  while  the 
third,  dark  blue,  lies  in  the  vicinity  of  the  line  G 
{vide  Fig.  69,  No.  2). 

Fig.  130  contains,  in  addition  to  the  two  com- 
parison spectra  No.  i  (the  principal  lines  of  the  solar 
spectrum),  and  No.  2  (the  principal  lines  of  hydrogen 
gas),  the  spectra  of  the  prominences  Nos.  3,  4,  5, 
and  6,  as  observed  by  Rayet,  Herschel,  Tennant, 
and  Lockyer. 

Rayet,  who  preferred  to  keep  his  direct-vision 
spectroscope  pointed  exclusively  to  the  great  promi- 
nence, and  employed  the  instrument  in  all  positions, 
perceived  nine  bright  lines,  consisting  of  those 
corresponding  to  the  dark  lines  B,  D,  E,  F, 
G,  of  a  green  line  between  b  and  F,  and  a  blue  one 
near  G  (No.  3).  These  lines  appeared  very  bright 
upon  the  dark  background,  so  that  their  position 
could  be  determined  with  ease.  The  bright  lines 
D,  E,  F  were  seen  in  the  inverting  telescope  of  the 
spectroscope  to  be  prolonged-  downwards  below 
the  rest,  as  finer  and  fainter  lines,  and  were  thus 
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turned  away  from  the  sun's  limb,  a  phenomenon 
which  seems  to  indicate  that  a  portion  of  the  mass 
of  glowing  gas  composing  the  prominence  stretches 

Fig.  130. 


Solar  Spectrum. 


Hydrogen. 


Prom  : — Spectrum 
Rayet. 


Prom  : — Spectrum 
Herschel. 


Prom  : — Spectrum 
Tennant. 


Prom  : — Spectruir. 
Lockyer. 


New  D  and  C  lines. 
Secchi  &  Lockyer. 
W  idening  of  the  F 
lines. 


Prom  : — Spectrum 
Janssen. 


Various  Spectra  of  the  Prominence.'?. 

far  upwards  into  the  sun's  atmosphere  in  a  state  of 
extreme  rarefaction. 

'   Herschel  (No.  4)  made  use  of  a  spectroscope 
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Specially  constructed  for  these  observations,  and  for 
the  measurement  of  the  spectrum  lines.  At  the  first 
glance  the  spectrum  of  the  prominence  appeared  as 
a  spectrum  of  three  very  brilliant  lines,  of  which 
the  orange  line  coincided  with  D,  while  the  red  line 
was  not  coincident  with  either  B  or  C,  nor  did  the 
blue  line  coincide  with  F. 

Tennant  (No.  5)  employed  a  spectroscope  similar 
to  that  used  by  Huggins  in  his  investigations  on 
the  spectra  of  the  nebulae  and  the  fixed  stars.  The 
spectrum  of  the  prominence  appeared  to  him  as  a 
spectrum  of  five  bright  lines,  three  of  which  were 
in  exact  coincidence  with  C,  D,  and  b,  while  the 
greenish-blue  line  lay  very  near  to  F,  and  the  dark 
blue  line  near  to  G.  Time  did  not  eillow  of  a  more 
accurate  measurement  of  these  two  doubtful  lines, 
but  from  the  observations  of  Rayet  it  is  almost 
certain  that  the  first  of  them  was  actually  coincident 
with  F,  and  the  other  with  the  hydrogen  line  H  7, 
near  to  G. 

Janssen  sent  the  first  telegraphic  announcement 
to  Europe  that  the  spectrum  of  the  prominences 
consisted  of  bright  lines,  and  that  therefore  these 
remarkable  forms  are  enormous  columns  of  lumi- 
nous gas,  of  which  hydrogen  constitutes  the  chief 
element.  In  readiness  for  the  observation,  the  slit 
was  held  close  to  the  advancing  limb  of  the  moon, 
at  a  tangent  to  the  point  where  the  last  rays  of  the 
sun  would  disappear.  With  the  extinction  of  the 
last  rays,  two  new  spectra  started  suddenly  into  view, 
each  consisting  of  five  or  six  bright  lines  (Fig.  130, 
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No.  8) ;  the  lines  were  red,  yellow,  green,  blue,  and 
violet,  arid  the  two  spectra,  which  were  separated  by 
a  dark  space,  were  exactly  coincident  line  for  line. 
When  Janssen  left  the  spectroscope  to  look  for  a 
moment  through  the  finder,  or  small  telescope,  he 
saw  that  both  spectra  belonged  to  two  magnificent 
prominences  which  shone  out  at  the  black  edge  of 
the  moon  to  the  right  and  left  of  the  point  where 
the  last  ray  of  sunlight  had  disappeared.  One  of 
these  attained  a  height  of  3',  and  resembled  the 
flame  of  a  furnace  as  it  breaks  forth  vehemently 
under  the  influence  of  a  powerful  blast ;  the  other 
presented  the  appearance  of  an  extended  chain  of 
snow  mountains,  which  seemed  to  rest  on  the  moon's 
limb,  and  glowed  as  if  illuminated  by  the  red  light 
of  the  setting  sun.  As  the  principal  lines  of  the 
spectrum  coincided  with  the  Fraunhofer  lines  C  and 
F,  Janssen  declared  at  once  that  hydrogen  gas 
forms  an  important  element  in  the  constitution  of 
the  prominences. 

From  the  circumstance  that  the  space  between 
the  spectra  of  the  two  prominences  was  dark, 
Janssen  was  brought  to  the  conclusion  that  the 
results  of  his  investigations  were  not  in  accord- 
ance with  Kirchhoff' s  theory.  He  imagined  that 
the  space  between  these  prominences  must  have 
been  filled  with  what  Kirchhoff  had  assumed  to 
be  the  solar  atmosphere,  and  therefore  that  this 
space,  instead  of  being  dark  in  the  spectroscope, 
ought  to  have  yielded  a  spectrum  of  bright  lines. 
As  this  was  not  the  case,  then,  Kirchhoff 's  theory 
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that  the  white  light  of  the  solid  or  incandescent 
solar  nucleus  was  partially  absorbed  by  the  glowing- 
vapours  of  an  atmosphere,  had  become  untenable ; 
this  absorption  could  not.  therefore,  have  taken 
place  outside  the  photosphere  or  light-giving  por- 
tion of  the  sun,  but  necessarily  within  it,  and 
had  been  produced  by  the  glowing  vapours  from 
which  the  condensed  solid  or  liquid  particles  of 
the  cloud-like  mass  of  the  actual  photosphere  were 
formed. 

In  reply  to  this  objection  of  Janssen's,  it  may  be 
remarked  that  though  he  obtained  no  spectrum 
from  the  immediate  neighbourhood  of  the  sun,  it 
was  to  be  attributed  to  the  very  narrow  setting  of 
the  slit  he  employed,  for  the  sake  of  seeing  the 
bright  lines  of  the  prominences  distinctly,  which  was 
too  narrow  to  allow  of  a  spectrum  from  the  other 
much  fainter  portions  of  the  sun  being  received  at 
the  same  time.   Rziha,  as  well  as  Tennant,  obtained 
indubitable  though  faint  spectra  from  the  immediate 
neighbourhood  of  the  sun.    Janssen's  observations 
seem,  therefore,  only  to  strengthen  the  conclusion 
arrived  at  by  the  other  observers,  that  the  light  of 
the  prominences  is  much  more  intense  than  that  of 
the  solar  atmosphere,  even  when  in  closest  proximity 
to  the  sun's  limb,  or  than  the  corona. 

If  all  the  spectrum  observations  of  the  pro- 
minences made  on  the  i8th  of  August,  1868,  be 
collected  together,  and  those  of  least  importance 
be  set  aside,  the  following  results  are  obtained  : — 
I.  The  spectrum  of  the  prominences  consists  of 
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some  bright  lines  of  intense  brilliancy,  among- 
which  the  hydrogen  lines  H  „  =  C,  H  /3  =  F,  and 
H  7,  near  to  G,  are  especially  noticeable. 

2.  The  prominences  are  masses  of  luminous  gas, 
principally  luminous  hydrogen  gas ;  they  envelop 
the  entire  surface  of  the  solar  body,  sometimes  in 
a  low  stratum  extending  over  exceedingly  large 
tracts  of  the  sun's  surface,  sometimes  in  accumu- 
lated masses  rising  at  certain  localities  to  a  height 
of  more  than  8o,ooo  miles. 

In  the  eclipse  of  the  7th  of  August,  1869,  observed 
in  America,  the  spectra  of  the  prominences  were 
investigated  by  Professor  Harkness  at  Des  Moines, 
as  well  as  by  Professor  Young  at  Burlington,  who 
devoted  himself  with  especial  attention  to  this  work. 
Professor  Harkness  employed  an  ordinary  simple 
spectroscope,  consisting  of  a  single  prism  of  60°, 
to  which  had  been  added  a  micrometer  in  prepara- 
tion for  the  eclipse.  Owing  to  the  small  dispersive 
power  of  such  an  instrument,  the  measures  taken 
of  the  distances  between  the  lines  of  the  spec- 
trum as  compared  with  Kirchhoff's  scale,  can  make 
no  claim  to  great  accuracy.  Harkness  compared 
the  divisions  of  his  micrometer  by  means  of  the 
principal  Fraunhofer  lines,  with  the  millimetre 
numbers  of  the  same  lines  in  Kirchhoff's  map,  and 
marked  the  bright  lines  seen  in  the  prominences 
given  in  Fig.  127  by  the  following  numbers  of 
Kirchhoff's  scale : — 

Prominence  a  gave  approximately  the  lines  : 
693,  1007,  1497  (Kirchhoff). 
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Prominence  ^- gave  approximately  the  lines  : 
693,  1007,  1497,  >  2069. 

Prominence  e  gave  approximately  the  lines  : 

693,  1007,  1497,  1611,  2069,  2770. 

Prominence  /gave  approximately  the  lines  : 

693,  1007,  1497,  ,  2069,  2770. 

If  these  readings,  though  only  approximately 
correct,  be  compared  with  Kirchhoff's  numbers  for 
the  most  important  of  the  Fraunhofer  lines  given 
in  p.  236,  it  will  be  found  that  the  bright  lines 
observed  in  the  prominences  may  very  probably 
have  been  as  follows:  694  =  0  (Ha),  loiy^Dg 
(beyond  D,),  2080  =  F  (H  [3),  2796  =  H  7,  as  well 
as  the  line  1474  (instead  of  1497)  less  refrangible 
than  E.  Whether  an  error  had  occurred  in  the 
measurement  of  the  position  of  the  green  line  161 1 
(between  E  and  b),  or  whether  this  line  be  identical 
with  that  observed  by  Winlock  in  the  spectrum  of 
the  Aurora  Borealis  marked  1680  in  Huggins'  scale 
(1608,  Kirchhoff),  must  still  be  left  in  doubt.  Ac- 
cording to  these  observations,  therefore,  it  appears 
that  the  bright  lines  in  the  various  prominences 
vary  in  number,  but  not  in  position,  and  that 
hydrogen  gas  is  the  principal  constituent  of  the 
prominences. 

The  observations  and  measurements  made  by 
Young  were  much  more  accurate  and  complete  : 
he  was  provided  with  an  instrument  consisting  of 
five  prisms  of  45°  each,  the  lateral  surfaces  of  2\  and 
3^  inches,  and  the  method  by  which  this  compound 
spectroscope  P  was  connected  with  the  telescope  A, 
a  comet- seeker  of  4  inches  aperture  and  30  inches 
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focus,  is  shown  in  Fig.  131.  The  collimator  C 
was  furnished  with  an  adjustable  slit  one-eighth  of 
an  inch  in  length,  through  one-half  of  which  the 
prism  of  comparison  introduced  into  the  instrument 
the  light  of  any  terrestrial  substance  rendered 
luminous  in  the  electric  spark,  or  of  a  Geisslers 
tube ;  by  means  of  the  conducting  wires  L,  the 
platinum  electrodes  could  be  placed  in  connection 
with  an  induction  coil.  Immediately  in  front  of 
the  slit  there  was  placed  at  S  a  divided  disk,  in 


the  centre  of  which  was  a  circular  opening  one- 
eighth  of  an  inch  wide,  a  contrivance  by  means  of 
which  the  image  of  the  sun  could  be  kept  exactly 
on  the  slit,  and  any  portion  of  the  solar  image 
directed  upon  it  at  will.  The  dispersive  power  of 
the  five  prisms  amounted  to  80°  between  the  lines 
A  and  H,  and  the  total  deviation  for  the  D-line 
nearly  to  165°.  The  prisms  were  so  adjusted  one 
with  another,  and  the  plate  P  carr}ang  them  secured 
to  the  telescope  A  in  such  a  manner  by  the  bolts 
b,  I),  that  all  lines  occupying  the  middle  of  the  field 


Fig.  131. 


Young's  Telespectroscope. 


PROMINENCES  AND  THEIR  SPECTRA. 


355 


Fig.  1^2. 


of  view  should  be  in  the  most  advantageous  posi- 
tion ;  the  field  of  view  included  at  the  same  time 
the  lines  D  and  E.  By  means  of  the  micrometer 
screw  T,  the  telescope  E,  turning-  upon  a  pivot, 
could  be  directed  upon  any  of  the  lines  of  the 
spectrum  ;  the  eyepiece  was  furnished  with  a  micro- 
meter, M. 

The  solar  spectrum  appeared  about  an  inch  and 
three-quarters  in  width,  and  45  inches  in  length, 
and  showed  all  the  lines  contained  in  Kirchhoff's 
map.  The  readings  of  the  instrument 
had  been  compared  with  Kirchhoff' s 
maps  by  repeated  measurements  at 
forty- two  intervals  between  the  prin- 
cipal lines  along  the  whole  length  of 
the  spectrum  from  A  to  G. 

Before  the  commencement  of  total- 
ity, the  slit  s  s  (Fig.  132)  was  placed 
on  the  limb  M  N  of  the  sun,  in  a  per- 
pendicular direction  to  the  tangent  <2<:, 
at  that  point  where,  by  the  advance 
of  the  moon  on  to  the  sun's  disk  (in 
an  inverting  telescope  at  the  left  side) 
the  first  contact  would  take  place.  With  such 
an  arrangement  the  spectrum  consists,  as  will  be 
described  more  in  detail  hereafter,  of  two  halves  in 
juxtaposition,  one  of  which  is  the  very  intense  solar 
spectrum  abed,  and  the  other  the  very  faint  spec- 
trum aefc  of  the  diffused  atmospheric  light  ren- 
dered extremely  pale  by  the  powerful  dispersion  of 
the  light.    Both  spectra  are  crossed  equally  by  the 
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Fraunhofer  lines,  as  shown  in  Fig.  133,  where  the 
portion  of  the  spectrum  between  B  and  C  is  more 
fully  represented.  When  the  one  half  of  the  slit 
happens  to  fall  upon  a  prominence,  />,  the  bright 
lines  of  the  luminous  gases  in  the  prominence  im- 
mediately appear  upon  the  faint  spectrum  of  the 
atmosphere,  especially  the  hydrogen  lines  H  a  (red) 
upon  C,  H  j3  (green)  upon  F,  and  H  7  (blue)  near 
G,  as  well  as  the  bright  lines  of  the  other  in- 
candescent substances  that  may  be  present  in  the 
prominence. 


Fig.  133. 


Young's  Observation  of  the  Prominence-Spectrum. 

Before  the  moon's  entrance  on  the  sun's  disk, 
Young  observed,  as  he  directed  the  telescope  upon 
the  line  C  in  the  spectrum,  a  very  bright  red  line, 
m,  upon  the  dark  spectrum  of  the  sky,  forming  an 
exact  prolongation  of  the  dark  line  C  of  the  solar 
spectrum,  an  evidence  that  at  this  spot  the  sun  was 
surrounded  by  a  stratum  of  luminous  hydrogen,  the 
height  of  which,  reckoned  by  the  length  of  the  line 
must  have  been  from  5,000  to  12,500  miles. 
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Now  it  is  evident  that  the  moon  in  its  approach 
to  the  sun  must  first  pass  over  this  stratum  of 
hydrogen.  The  observer  notices  the  entrance  of 
the  moon  upon  this  stratum,  and  her  progress  over 
it  by  the  shortening  of  the  bright  red  line  ni,  and 
he  is  able  to  determine  with  great  accuracy  the 
moment  of  first  contact  of  the  moon  and  sun  by 
noticing  the  time  when  this  line  disappeared  com- 
pletely. The  same  phenomenon  may  be  observed 
if,  instead  of  the  line  C,  the  F-line  be  brought  into 
the  field  of  view,  but  the  red  line  H  a  is  better 
suited  for  this  observation  than  the  greenish-blue 
line  H  /3. 

This  plan  of  observation  employed  by  Young 
had  already  been  devised  in  theory  by  Faye, 
who  had  suggested  this  method  as  an  accurate 
means  of  observing  the  first  contact  of  the  moon, 
Venus,  or  any  other  planet,  with  the  sun's  limb. 
Shortly  before  the  commencement  of  totality,  the 
slit  was  directed  on  to  the  prominence  marked 
d  in  Fig.  127,  and  the  line  C  brought  into  the  field 
of  view.  When  the  totality  began,  the  red  line  H  a 
became  exceedingly  intense,  but  owing  to  the 
slight  elevation  of  the  prominence  it  did  not  extend 
across  the  whole  width  of  the  spectrum.  No  bright 
lines  were  perceptible  either  between  C  and  A  or 
between  C  and  D.  Immediately  beyond  the  second 
sodium  line  (D^)  appeared  the  orange-coloured  line 
D3  on  ioi7'5  of  Kirchhoff's  scale,  which  was  followed 
immediately  by  two  faint  yellowish-green  lines,  es- 
timated at  1250+20  and  1350  +20  (Kirchhoff). 
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The  green  line  following  at  1474  (K.)  was  ver}^ 
bright,  though  fainter  than  C  and  D3;  it  crossed 
the  whole  breadth  of  the  spectrum,  and  remained 
visible  without  imdergoing  any  change  when  the  slit 
was  turned  from  the  prominence  to  the  corona, 
while  the  line  D3  disappeared.  Proof  was  thus  af- 
forded that  this  line  did  not  belong  exclusively  to 
the  spectrum  of  the  prominence,  but  also  to  that  of 
the  corona.  Young  is  of  opinion  that  the  two  pre- 
ceding faint  lines  remained  also  unaffected,  and 
therefore  belonged  equally  to  the  spectrum  of  the 
corona,  which  was  observed  simultaneously  with 
that  of  the  prominence.*  While  the  slit  was  directed 
upon  the  prominence  e  (Fig.  127),  the  magnesium 
lines  b  were  not  visible,  so  that  no  bright  lines  were 
perceived  by  Young  at  this  part  of  the  prominence- 
spectrum.  The  greenish-blue  line  F  (H  /3)  was 
truly  splendid,  wide  at  the  base,  and  terminating 
above  in  a  point ;  it  was  followed  by  a  blue  line  at 
2602  +  2  (K.)  almost  as  bright  as  the  green  line 
1474,  by  the  third  hydrogen  line  H  y,  near  G  at  2796 
(K.),  and  finally  by  the  very  distinct  but  much  less 
bright  hydrogen  line  h  (H  I)  at  3370-1  (K.) 

The  nine  bright  lines  observed  by  Young  in  the 
spectrum  of  the  prominences  are  given  in  their 
natural  colours  in  Plate  IX.,  No.  i,  annexed  to 
the  solar  spectrum  according  to  Kirchhoff's  scale 

*  [Young,  in  a  Note  on  the  Solar  Corona^  published  May,  1871, 
says,  "  I  have  experienced  some  annoyance  during  the  past  year 
at  seeing  these  lines  in  several  publications  put  upon  the  same 
footing  as  1474.  I  \vas  never  at  all  confident  as  to  their  coronal 
character.] 
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given  above,  and  they  afford  an  accurate  repre- 
sentation of  the  spectrum  of  a  prominence  as  it 
appears  during  the  totality  of  a  solar  eclipse.  The 
upper  half  of  the  picture,  that  is  to  say  the  solar 
spectrum,  is  of  course  invisible  at  such  a  time,  and 
in  its  stead  a  faint  continuous  spectrum  without  a 
trace  of  any  dark  lines — belonging,  without  doubt, 
to  the  corona — appears  to  adjoin  the  spectrum  of 
the  prominence.  If  the  bright  prominence-lines  as 
observed  by  Young  be  tabulated  in  their  order  of 
succession  from  red  to  blue,  they  will  be  found  to 
correspond  with  the  following  numbers  of  Kirchhoft's 
scale  : — 

1.  694   .    .    .    C  =  H a. 

2.  1017-5  •  •  (belonging  neither  to  hydrogen  nor 
sodium). 

3.  1250  +  20^ 

4.  1350  ±  20  L  Apparently  belonging  to  the  corona. 

5-  1474  J 

6.  2080  .    .    .    F  =  H  j3. 

7.  2602  +  2  (observed  also  by  Capt.  Herschel  between  F  and  G 
during  the  eclipse  of  the  i8th  of  August,  1868). 

8.  2796  .    .    .    H  y. 

9.  3370-1    .    .    h  =  YLl. 

The  spectroscopic  observations  of  the  prominences 
during  the  eclipse  of  1868,  given  in  p.  352,  have 
been  fully  confirmed  by  the  observations  of  1869, 
when  further  results  were  obtained,  the  import  of 
which  will  be  more  attentively  considered  in  the 
following  section. 

54.  The  Corona  and  its  Spectrum. 

In  the  eclipse  of  1868  the  observers  were  too 
much  occupied  with  the  spectroscopic  investigations 
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of  the  prominences  to  pay  any  adequate  attention 
to  the  examination  of  the  corona.  The  few  ob- 
servations that  were  obtained,  some  of  which  were 
made  by  Rziha  at  Aden,  and  some  by  Tennant 
at  Guntoor,  are  in  complete  agreement  as  to  the 
sudden  disappearance  of  all  the  dark  lines  from 
the  spectrum  on  the  commencement  of  the  totality, 
and  as  to  the  fact  that  the  light  of  the  corona 
gave  only  a  famt  continuous  spectrum.  Tennant 
admits  that  this  spectrum  might  also  have  con- 
tained faint  lines  which  he  was  unable  to  perceive, 
because  in  order  to  ensure  seeing  something  he 
had  employed  a  rather  wide  opening  of  the  slit, 
and  consequently  some  of  the  lines  may  have  run 
one  into  the  other. 

The  eclipse  of  1 869  has  furnished  many  valuable 
details  on  the  spectrum  of  the  corona,  throwing 
much  light  upon  its  nature,  and  fully  confirming 
the  previous  observations  that  its  spectrum  is  free 
from  dark  lines. 

Pickering,  Harkness,  Young,  and  others  are 
agreed  that  with  the  extinction  of  the  last  rays 
of  the  sun  all  the  Fraunhofer  lines  disappeared  at 
once  from  the  spectrum.  The  small  instruments 
employed  by  Pickering  and  Harkness,  in  which 
the  field  of  view  was  large,  exhibited  a  spectrum 
obtained  at  once  from  the  corona,  the  promi- 
nences, and  the  sky  in  the  neighbourhood  of  the 
sun.  These  instruments  showed  during  the  totality 
a  faint  continuous  spectrum,  free  from  dark  lines, 
but  crossed  by  hvo  or  three  bright  lines. 
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Young,  whose  spectroscope  consisted  of  five 
prisms  (Fig.  131),  observed  the  three  bright  lines  in 
the  spectrum  of  the  corona  which  are  represented 
in  Plate  IX.,  No.  2,  where  they  are  drawn  in  the 
colours  in  which  they  appeared  according  to  Kirch- 
hoff's  millimetre  scale  introduced  above.  These  lines 
were  1250+20,  1350  +  20,  and  1474.  It  has  been 
already  explained  in  p.  358  why  the  last  and  brightest 
of  these  lines  is  thought  to  belong  to  the  spectrum 
of  the  corona,  and  not  to  that  of  the  prominences ; 
and  it  seems  probable  that  the  other  two  lines 
belong  also  to  the  light  of  the  corona,  from  the  fact 
that  they  are  both  wanting  in  the  spectrum  of  the 
prominences  when  observed  without  an  eclipse. 

But  what  invests  these  three  lines  with  a  peculiar 
interest  is  the  circumstance  that  they  appear  to 
coincide  exactlv  with  the  first  three  of  the  five  bri g-ht 
lines  observed  by  Prof.  Winlock  in  the  spectrum 
of  the  Aurora  Borealis  (Plate  IX.,  No.  3).  These 
lines  of  the  Aurora  were  determined  by  Winlock 
according  to  Huggins'  scale ;  if  these  numbers  be 
reduced  to  Kirchhoff's  scale,  the  position  of  the  lines 
will  be  found  to  be  1247,  1351,  and  1473,  while  the 
lines  observed  by  Young  were  registered  as  1250, 
1350,  and  1474.  Now  if  it  be  borne  in  mind  that 
Young  found  the  positions  of  the  two  fainter  lines 
more  by  estimation  than  by  measurement,  the  coin- 
cidence between  the  bright  lines  of  the  corona  and 
those  of  the  Aurora  Borealis  will  be  found  to  be 
very  remarkable.  The  brightest  of  these  lines,  1474, 
is  the  reversal  of  a  strongly  marked  Fraunhofer  line 
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which  has  been  ascribed  both  by  Kirchhoff  and 
Angstrom  to  the  vapour  of  iron. 

What,  then,  is  the  nature  of  the  corona,  this 
magic  circle  of  rays  of  silvery  whiteness,  which 
surrounds  like  a  halo  the  black  disk  of  the  moon  at 
the  time  of  a  total  eclipse,  and  invests  the  whole 
phenomenon  with  an  indescribable  charm  ?  It  has 
been  thought  that  while  the  inner  bright  circle  of 
light  closely  surrounding  the  moon's  limb  belonged 
to  the  solar  body  itself,  the  rays  streaming  from  the 
luminous  ring  were  merely  the  rays  of  the  sun 
reflected  from  the  dark  and  uneven  surface  of  the 
moon,  and  brought  by  a  sort  of  refraction  into  the 
earth's  atmosphere,  whence  they  were  reflected  to 
the  eye  of  the  observer. 

In  opposition  to  this  theor}''  is  the  fact  that, 
whereas  the  halo  ought  then  to  pass  through  great 
changes  by  the  advance  of  the  moon  during  the 
totality,  no  such  changes  were  noticed  by  any  of 
the  observers,  Gould  excepted,  nor  were  they  to  be 
traced  in  any  of  the  photographs  taken  during  the 
totality ;  in  addition,  it  would  not  be  difficult  to 
prove  geometrically  that  none  of  such  rays  as  might 
be  reflected  from  the  moon's  limb  could  possibly 
reach  the  small  terrestrial  zone  of  the  totality. 

The  light  of  the  corona  cannot  be  that  of  reflected 
sunlight,  since  none  of  the  dark  Fraunhofer  lines 
are  contained  in  its  spectrum.  A  comparison  of 
several  of  the  photographic  pictures  leads  further 
to  the  conclusion  that  in  proportion  as  the  moon 
advanced,  the  corona  around  the  eastern  limb  of  the 
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sun  became  gradually  covered,  while  on  the  west  it 
was  more  and  more  revealed ;  the  ring  of  light  did 
not  therefore  move  with  the  moon,  but  remained 
invariable  during  the  whole  of  the  totality.  If  it  be 
also  taken  into  consideration  that,  as  shown  by  the 
careful  investigations  of  Professor  Pickering,  the 
light  of  the  whole  surrounding  sky  almost  up  to  the 
edge  of  the  corona  was  polarized,  while  that  from 
the  corona  itself  was  not  polarized,  the  conclusion 
will  be  arrived  at  that  the  corona  is  self-luminous, 
and  belongs  to  the  sun,  and  therefore  is  not  to  be 
regarded  as  an  optical  phenomenon  caused  by  the 
combined  action  of  the  sun's  rays,  the  moon,  and 
the  earth's  atmosphere. 

From  the  bright  lines  in  its  spectrum,  it  is  pro- 
bably of  a  gaseous  nature,  and  forms  a  widely  diffused 
atmosphere  round  the  sun.  If  this  were  the  case, 
even  its  most  remote  particles  would  be  a  hundred 
times  nearer  the  sun  than  the  earth  is,  and  would 
therefore  receive  ten  thousand  times  the  amount  of 
heat.  Such  a  temperature  would  suffice  to  resolve 
every  known  substance  of  our  planet  either  into  a 
state  of  incandescence  or  into  a  gaseous  form. 

It  has  been  supposed,  from  the  coincidence  of 
the  three  bright  lines  of  the  corona  with  those  of 
the  Aurora  Borealis,  that  the  corona  is  a  perviancnt 
polar  light  existing  in  the  stm  analogous  to  that  of  our 
earth.  Lockyer,  however,  justly  urges  against  this 
theory  the  fact  that,  although  the  brightest  of  these 
three  lines,  which  is  due  to  the  vapour  of  iron,*  is 

*  [This  line  is  coincident  with  one  of  the  faintest  of  the  nurae- 
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very  often  present  among  the  great  number  of 
bright  lines  occasionally  seen  in  the  spectrum  of 
the  prominences,  it  is  by  no  means  constantly 
visible,  which  ought  to  be  the  case  were  the  corona 
a  permanent  polar  light  in  the  sun.  A  yet  bolder 
theory  is  the  ascription  of  such  a  polar  light  in  the 
sun  to  the  influence  of  electricity,  which  has  been 
proved,  as  is  well  known,  by  the  agitation  of  the 
magnetic  needle,  and  the  disturbance  of  the  electric 
current  in  the  telegraph  wires,  to  play  an  important 
part  in  the  phenomena  of  the  Aurora  Borealis. 

In  the  present  state  of  our  knowledge  on  this 
branch  of  science,  the  question  as  to  the  nature  of 
the  corona  still  remains  unanswered  :  the  solution 
of  this  problem  must  be  reserved  till,  by  the  careful 
observation  of  future  total  eclipses,  fresh  data  shall 
be  collected,  which  may  either  confirm  the  theories 
already  received,  or  else  suggest  new  ones  in  their 
stead. 

[The  Total  Eclipse  of  Dec.  22,  1870. 

The  following  account  of  the  observations  of  this 
eclipse  is  taken  from  the  Report  of  the  Council  of 
the  Royal  Astronomical  Society  to  the  Fifty-first 
Annual  Meeting  of  that  Society  : — 

"  As  this  eclipse  would  be  total  at  several  places 
within  easy  reach  of  England,  namely,  the  south 
of  Spain,  Sicily,  and  the  north  coast  of  Africa,  it 

rous  lines  usually  seen  in  the  spectrum  of  iron,  but  it  cannot  on 
this  account  be  considered  certainly  to  show  the  presence  of  the 
vapour  of  iron.] 
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appeared  to  the  Council  an  occasion  on  which  they 
should  take  steps  to  assist  observers,  and,  if  neces- 
sary, organize  an  expedition  provided  with  suitable 
instruments  for  attacking  the  important  problem 
which  still  remained  unsolved, — the  extent  and 
nature  of  the  Coronal  Light.  At  the  meeting  of 
the  Council  held  in  March,  the  Council  resolved 
itself  into  a  committee  to  consider  the  preparations 
to  be  made  for  the  observation  of  the  Solar  Eclipse 
of  Dec.  22.  In  the  following  month  this  committee 
united  itself  with  a  committee  appointed  for  a 
similar  purpose  by  the  Royal  Society.  At  a  meet- 
ing held  by  this  joint  committee  on  June  16  it  was 
resolved  that  the  Government  be  solicited  to  grant 
two  ships  for  conveyance  of  observers  to  Spain  and 
Sicily,  and  also  a  sum  of  money  for  the  preparation 
and  transport  of  instruments.  To  this  application, 
which  was  made,  in  accordance  with  former  usage, 
to  the  Admiralty,  an  unfavourable  answer  was  re- 
ceived on  August  10.  Absence  from  town  of  some 
members  of  the  joint  committee,  and  other  circum- 
stances, prevented  any  further  steps  being  taken 
until  November  4,  when  the  joint  committee  met, 
and  resolved  that  an  application  for  means  of  transit 
for  the  expedition  and  for  a  pecuniary  grant  in  aid 
of  the  funds  voted  by  the  Royal  and  Royal  Astro- 
nomical Societies  should  be  made  to  the  Lords  Com- 
missioners of  Her  Majesty's  Treasury.  To  this 
renewed  application  a  favourable  reply  was  returned 
by  the  Government,  who  placed  H.M.  Troop-Ship 
'  Urgent '  at  the  service  of  the  expedition  for  the 
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conveyance  of  observers  and  instruments  to  Spain 
and  Africa,  and  the  sum  of  ^2,000  in  aid  of  the 
travelling  expenses  of  the  overland  party  to  Sicily, 
and  for  the  preparation  and  transport  of  instru- 
ments. 

"  At  this  late  moment,  a  few  weeks  only  before 
the  expedition  should  leave  England,  the  greatest 
energy  was  needed  to  organize  a  party  of  observers, 
and  procure  the  special  instruments  needed  for  the 
proposed  observations.  A  small  organizing  com- 
mittee was  appointed,  which  met  almost  daily  up 
to  the  departure  of  the  expedition.  The  successful 
and  ver}^  complete  arrangements  ultimately  made 
were  due  in  great  measure  to  the  unflagging  zeal 
of  the  secretary,  Mr.  Lockyer,  and  of  the  assistant- 
secretary,  Mr.  Ranyard ;  and  the  Council  wish  here 
to  state  how  much  in  their  opinion  is  owing  to 
the  valuable  suggestions  and  assistance  afforded  by 
Prof.  Stokes.  The  opticians,  Mr.  Browning,  Mr. 
Grubb,  Mr.  Ladd,  and  Mr.  Slater,  afforded  veiy^ 
valuable  assistance  to  the  expedition  by  the  pre- 
paration and  loan  of  instruments,  for  which  they 
deserve  the  grateful  thanks  of  the  Society. 

"  Distinct  observing  parties,  in  charge  of  Mr. 
Lockyer,  Rev.  S.  J.  Perry,  Capt.  Parsons,  and  Mr. 
Huggins,  w^ere  appointed  for  the  four  stations, 
Sicily,  Cadiz,  Gibraltar,  and  Oran.  Prof.  Tyndall 
accompanied  the  Oran  party  as  an  independent 
observer. 

"  Lord  Lindsay,  taking  with  him  several  skilled 
observers    and   a   very    complete  photographic 
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apparatus,  went  to  Cadiz  independently,  at  his  own 
expense. 

"  Besides  these  English  expeditions,  there  was  an 
American  expedition,  with  Prof.  Peirce  at  its  head, 
consisting  of  two  parties,  one  in  Sicily,  under 
Prof.  Peirce  himself,  and  one  in  Spain,  under  Prof. 
Winlock.  Independent  observations  were  taken  by 
Prof.  Newcomb  at  Gibraltar,  and  by  a  party  con- 
sisting of  Profs.  Hall,  Eastman,  and  Harkness,  in 
Sicily. 

"At  no  former  eclipse  have  preparations  been 
made  on  so  complete  a  scale,  or  the  work  to  be 
done  so  skilfully  divided  among  observers  trained 
to  carry  out  efficiently  the  parts  assigned  to  them. 
All  the  parties  were  prepared  to  attack  the  corona 
by  the  several  methods  of  the  spectroscope,  the 
polariscope,  photography,  and  eye-drawings.  With 
favourable  weather  it  was  not  too  much  to  expect 
from  these  expeditions  a  searching  and  almost  ex- 
haustive examination  of  the  coronal  light  by  these 
different  methods  of  attack. 

"  The  weather  was  not  propitious  ;  at  all  the 
stations  the  sky  was  more  or  less  obscured  by 
clouds.  On  the  African  continent,  where  there  had 
been  grounds  for  confidently  anticipating  a  cloudless 
sky,  the  English  party  and  M.  Janssen,  who  had 
escaped  with  his  instruments  from  Paris  in  a  balloon, 
at  Oran,  and  Drs.  Weiss  and  Oppolzer  at  Tunis, 
saw  nothing  of  the  eclipse  at  the  time  of  totality, 
though  the  earlier  phases  were  visible  at  Oran. 
"  At  Cadiz  and  in  Sicily  successful  photographs 
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of  the  totality  were  obtained  by  Lord  Lindsay,  Mr. 
Willard,  of  the  American  expedition,  and  Mr.  Bro- 
thers. At  these  stations,  and  also  at  Estepona, 
some  observations  were  obtained  of  the  spectrum 
and  polarization  of  the  corona. 

'*  Although  the  gain  to  our  knowledge  of  solar 
physics  is  much  less  full  and  decided  than  doubtless 
it  would  have  been  if  the  observers  had  been 
favoured  with  a  cloudless  sky,  the  new  information 
which  comes  to  us  from  the  eclipse  is  very  valuable, 
and  well  repays  the  large  amount  of  thought,  time, 
and  money  which  were  so  freely  bestowed  upon  the 
preparations. 

"  The  present  time  is  too  early  for  a  complete 
analysis  of  the  different  observations  with  a  view  to 
eliciting  from  them  the  new  teaching  which  they 
may  contain  of  the  extent  and  nature  of  the  coronal 
light,  still  it  may  not  be  undesirable  to  give  a  short 
account  of  some  of  the  more  important  observations. 

"  In  the  last  Annual  Report,  in  the  account  of 
the  Eclipse  of  August,  1869,  attention  was  called 
to  the  two  apparently  distinct  portions  besides  the 
prominences  in  the  light  seen  round  the  Moon 
during  totality.  The  American  pictures  showed 
similar  indications  of  brighter  portions  near  the 
Sun's  limb,  within  which  the  eruptions  of  hydrogen 
forming  the  prominences  take  place,  to  those  which 
were  visible  in  the  photographs  taken  by  Mr.  De  la 
Rue  in  i860,  and  by  Col.  Tennant  and  Dr.  Vogel 
in  1868.  A  distinction  between  different  portions  of 
the  coronal  light  was  observed  as  early  as  1706  by 
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MM.  Plantade  and  Capies  at  Montpelier.  '  As  soon 
as  the  Sun  was  eclipsed  there  appeared  around  the 
Moon  a  very  white  light  forming  a  corona,  the 
breadth  of  which  was  equal  to  about  3'.  Within 
these  limits  the  light  was  everywhere  equally  vivid, 
but  beyond  the  exterior  contour  it  was  less  intense, 
and  was  seen  to  fade  off  gradually  into  the  sur- 
rounding darkness,  forming  an  annulus  around  the 
Moon  of  about  8'  in  diameter.'  In  1842  M.  Arago 
considered  this  distinction  to  be  sufficiently  marked 
to  sanction  the  subdivision  of  the  corona  into  two 
concentric  zones,  the  inner  zone  equally  bright  and 
well  defined  at  the  outer  border,  while  the  exterior 
zone  gradually  diminished  in  brightness  until  it  was 
lost  in  the  surrounding  darkness. 

The  observations  of  the  eclipse  of  last  December 
confirm  these  earlier  descriptions  as  to  the  apparent 
subdivision  of  the  coronal  light,  though  the  breadth 
of  the  inner  zone  varies  considerably  as  described 
by  different  observers.  In  our  future  remarks  we 
shall  restrict  the  word  coivna  to  the  inner  brighter 
ring,  and  for  the  faint  exterior  portion  use  the  term 
halo. 

"  It  may  conduce  to  clearness  in  our  interpreta- 
tion of  those  observations  which  appear  to  differ 
from  each  other,  if  we  consider  that  the  imperfect 
transparency  of  our  atmosphere  must  cause  a  scat- 
tering of  a  portion  of  the  light  of  the  corona  seen 
through  it,  and  form  a  more  or  less  brightly  illu- 
minated screen  between  the  eye  and  the  eclipsed 
Sun.  This  atmospheric  light  will  interfere  especially 
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with  the  observer's  appreciation  of  the  form  and 
extent  of  the  faint  halo.  There  may  exist  at  least 
three  distinct  sources  of  the  light  seen  about  the 
Sun,  in  addition  to  the  prominences,  the  corona,  a 
solar  halo  overlapping  the  corona  or  beginning  at 
its  exterior  limit,  and  an  atmospheric  halo  produced 
by  the  scattering  of  the  light  by  our  atmosphere. 
The  corona  and  solar  halo  would  probably  not  alter 
greatly  in  the  short  time  between  observations  of 
the  same  eclipse  at  different  stations,  but  the  scat- 
tering of  light  would  be  peculiar  to  each  station, 
and  be  mixed  up  with  the  effect  of  haze  or  light 
cloud  present  at  the  time.  It  is  possible  that  without 
the  Earth's  atmosphere,  some  scattering  of  light 
may  arise  from  the  imperfect  transparency  of  inter- 
planetary space,  not  to  speak  of  the  possible 
existence  of  finely  divided  matter  more  densely 
aggregated  in  the  neighbourhood  of  the  Sun.  It 
may  be  that  in  these  and  some  other  considerations 
will  be  found  the  key  to  the  interpretation  of  the 
widely  different  descriptions  of  the  solar  surround- 
ings which  come  to  us  from  different  observers. 

Prof.  Watson  observing  at  Carlentini  describes  a 
bright  corona  about  5'  high ;  observ^ations  at  Cadiz 
give  a  breadth  of  about  3' ;  Lieut.  Brown  observing 
with  Lord  Lindsay  found  the  inner  zone  which  he 
saw  defined  in  its  outer  margin  to  vary  from  2' to  5' 
in  breadth  ;  Mr.  Abbatt  at  Gibraltar  at  about  5' 
high.  Some  of  the  observers  describe  the  exterior 
contour  of  the  corona  to  be  affected  by  the  pro- 
minences bulging  out  over  the  loftiest  of  these.  In 
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the  photographs  a  defined  zone  is  also  seen, — in 
Lord  Lindsay's  photographs  and  the  one  taken 
by  Mr.  Willard,  it  extends  rather  more  than  i'.  In 
the  photograph  by  Mr.  Brothers  the  height  of  the 
brighter  zone  varies  from  3'  to  5'. 

*'We  will  now  speak  of  the  photographs  of  the 
totality,  which  are  very  instructive. 

"  The  photographs  taken  at  Cadiz  by  Lord  Lind- 
say were  obtained  by  placing  the  sensitive  surface 
at  the  focus  of  a  silvered  glass  mirror  1 2^  inches  in 
diameter  and  6  feet  focal  length,  giving  an  image 
of  the  Sun  about  three-quarters  of  an  inch  in 
diameter.  The  other  photograph,  taken  near  Cadiz 
by  Mr.  Willard  of  the  American  expedition,  was 
obtained  at  the  focus  of  an  achromatic  object-glass 
of  6  inches  diameter,  specially  corrected  for  actinic 
rays. 

"  Mr.  Brothers,  at  Syracuse,  employed  a  photo- 
graphic object-glass  of  30  inches  focal  length  and 
4  inches  diameter,  lent  to  him  by  the  maker,  Mr. 
Dallmeyer.*  This  lens  gave  a  brilliant  image  of 
the  Sun  about  three-tenths  of  an  inch  in  diameter, 
which  was  received  upon  a  plate  5  inches  square. 
The  camera  was  mounted  on  the  Sheepshanks  equa- 
toreal,  belonging  to  the  Society. 

*'  The  photograph  taken  at  the  commencement  of 
totality  by  Lord  Lindsay  had  an  exposure  of  twenty 
seconds.  It  shows  around  the  Moon's  advancing  limb 
a  bright  corona  extending  about  i'  from  the  Moon's 

*  These  lenses  are  constructed  by  Mr.  Dallmeyer  for  photo- 
graphic copying. 
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limb,  in  which  the  prominences  are  distinctly  marked, 
and  outside  this  a  halo  of  faint  light  diminishing 
rapidly  in  brilliancy,  with  indications  of  a  radial 
structure  which  can  be  traced  as  far  as  15'  from 
the  Moon's  limb.  On  the  other  side  of  the  Moon, 
where  it  overlaps  the  Sun  sufficiently  to  conceal 
the  prominences  and  the  bright  corona,  the  halo  is 
almost  absent.  It  may  be  suggested  that  such  por- 
tion of  the  halo  as  appears  around  the  advancing 
limb  of  the  Moon  has  its  origin  on  this  side  of  the 
Moon.  As  a  pure  speculation,  the  explanation  may 
perhaps  be  hazarded,  that  the  true  solar  halo,  as 
some  spectroscopic  observations  would  suggest,  was 
less  powerfully  actinic  than  the  scattered  light  of  the 
prominences  and  corona,  in  which  the  halo  on  the 
one  side  of  the  Moon  only  as  seen  on  the  plate  may 
have  its  origin. 

"  The  photograph  taken  by  Mr.  Willard  was  ex- 
posed during  a  minute  and  a  half,  and  therefore 
must  contain  mixed  up  several  successive  appear- 
ances. The  prominences  are  distinctly  shown,  and 
a  defined  corona  of  rather  more  than  i'  in  height. 
In  the  halo  there  are  indications  of  portions  of  un- 
equal brightness,  and  a  radial  structure,  but  the 
most  remarkable  feature  is  a  V-shaped  rift  or  dark 
space  in  the  halo  on  the  south-east,  beginning  from 
the  outer  boundar}^  of  the  bright  corona ;  a  second 
similar  dark  space  is  faintly  traceable  on  the  south. 
The  same  dark  gaps  are  also  recorded  in  an  eye- 
sketch  by  Lieut.  Brown.  Similar  dark  rifts*  are 
*  [Subsequent  comparisons  of  Mr.  Wellard's  photograph  with 
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also  shown  in  Mr.  Brothers'  photograph  taken 
at  Syracuse,  a  representation  of  which  is  given  in 
Plate  X.*  The  photograph  taken  by  Mr.  Brothers 
is  very  valuable,  since  it  shows  the  halo  extending 
towards  the  north-west,  about  two  diameters  of 
the  Moon,  and  on  the  east  and  south  about  one 
diameter;  the  halo,  therefore,  is  not  concentric  with 
either  the  Sun  or  Moon,  but  extends  to  the  greatest 
distance  in  the  direction  from  which  the  Moon  is 
moving.  It  shows  in  many  parts  traces  of  a  radial 
structure.  The  stronger  light  about  the  Moon  is 
much  broader  on  the  west  and  north-west,  and  as- 
sumes a  somewhat  stellate  appearance,  with  rays  gra  ■ 
dually  softening  down,  as  if  combed  out  into  the 
fainter  halo.  This  photograph  was  taken  in  eight 
seconds,  from  the  93rd  to  the  loist  second  after  the 
commencement  of  totality,  and  therefore  presents  a 
true  representation  of  the  different  phenomena  at  the 
time — that  is,  as  regards  their  relative  actinic  power, 
which  may  possibly  differ  in  a  sensible  degree  from 
the  relative  brightness  they  present  to  the  eye.  The 
eye-sketches  made  at  different  stations  show  remark- 
able differences,  especially  in  the  form  of  the  outer 
part  of  the  halo  ;  some  represent  it  as  consisting  ol 

that  taken  by  Mr.  Brothers  leave  little  doubt  of  the  absolute 
agreement  in  position  of  these  dark  rifts  or  gaps.  Professor 
Young  remarks,  "  If  this  be  so,  it  certainly  bears  very  strongly  in 
favour  of  those  theories  which  assign  a  purely  solar  origin  to  the 
whole  phenomena."] 

*  The  thanks  of  the  translators  are  due  to  Mr.  Brothers  for  his 
kind  permission  to  introduce  this  drawing,  and  also  for  the  care 
he  has  taken  in  correcting  the  proofs. 
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separate  rays,  others  give  to  it  an  almost  true  geo- 
metrical contour ;  in  some  of  the  Spanish  sketches 
a  tendency  to  assume  a  roughly  quadrangular  form 
can  be  detected,  while  in  most  of  the  Sicilian  draw- 
ings there  is  a  tendency  to  an  annular  form. 

"  We  pass  to  the  spectroscopic  observations  of 
the  corona  and  halo. 

Prof.  Winlock,  using  a  spectroscope  of  two 
prisms  on  a  five  and  a  half  inch  achromatic,  found 
a  faint  continuous  spectrum.  Of  the  bright  lines, 
the  most  persistent  was  1474  Kirchhoff.  This 
bright  line,  and  the  continuous  spectrum  without 
dark  lines,  were  followed  from  the  Sun  to  at  least 
20'  from  his  disk.  Prof.  Young  estimates  the  least 
extension  of  this  line  to  a  solar  radius. 

"  Capt.  Maclear,  observing  with  a  direct- vision 
spectroscope  attached  to  a  four-inch  telescope,  saw 
a  faint  continuous  spectrum  and  bright  lines  in  posi- 
tions about  C,  D,  E,  and  F  to  a  distance  of  8'  from 
the  Moon's  limb,  and  also  the  same  lines,  but  much 
fainter,  on  tlu  Mooii  s  disk.  This  observation  would 
seem  to  show,  as  has  been  already  suggested,  that 
some  of  the  light  from  the  true  surroundings  of  the 
Sun  is  scattered  by  some  medium  between  the  eye 
and  the  Moon,  and  therefore  the  distance  from  the 
Moon  to  which  these  lines  can  be  traced  does  not 
imply  necessarily  an  equally  great  extension  of  the 
true  halo. 

Lieut.  Brown,  of  Lord  Lindsay's  party,  saw  only 
a  continuous  spectrum  without  bright  lines,  from 
4;'  to  25'  from  the  Moon's  limb.    Mr.  Carpmael, 
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observing  at  Estepona,  saw  three  bright  lines  in  the 
spectrum  of  the  corona.  He  considers  the  one  in 
green  to  correspond  with  1359  Kirchhoff. 

"  The  observations  with  the  polariscope  show  that 
a  portion  of  the  coronal  light  is  polarized  ;  and 
though  the  result  as  to  the  plane  of  polarization  are 
interpreted  differently  by  different  observers,  there 
seems  reason  to  suppose  with  Mr.  Ranyard  and  Mr. 
Peirce  that  the  light  is  polarized  radially,  showing 
that  the  corona  and  halo  may  possibly  reflect  solar 
light  as  well  as  emit  light  of  their  own. 

"  There  is  one  observation  made  by  Prof.  Young 
which  is  of  so  much  importance  that  it  will  be  well 
to  give  an  account  of  it  in  Prof.  Langley's  words: — 

"  '  With  the  slit  of  his  spectroscope  placed  longi- 
tudinally at  the  moment  of  obscuration,  and  for  one 
or  two  seconds  later,  the  field  of  the  instrument  was 
filled  with  bright  lines.  As  far  as  could  be  judged, 
during  this  brief  interval  ever}^  non-atmospheric  line 
of  the  solar  spectrum  showed  bright ;  an  interesting 
observation  confirmed  by  Mr.  Pye,  a  young  gentle- 
man whose  voluntary  aid  proved  of  much  service. 
From  the  concurrence  of  these  independent  observa- 
tions we  seem  to  be  justified  in  assuming  the  pro- 
bable existence  of  an  envelope  surrounding  the 
photosphere,  and  beneath  the  chromosphere,  usually 
so  called,  whose  thickness  must  be  limited  to  two  or 
three  seconds  of  arc,  and  which  gives  a  discontinuous 
spectrum  consisting  of  all,  or  nearly  all,  the  Fraun- 
hofer  lines  showing  them, — that  is,  height  on  a  dark- 
ground.' 
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Rapid  and  imperfect  as  this  early  sketch  must 
necessarily  be  of  the  observations  of  the  last  eclipse, 
it  shows  a  distinct  and  important  gain  to  our 
knowledge  of  solar  physics." 

Prof.  Young  considers  it  to  be  shown  by  the 
observations  of  this  eclipse  that  "  one  important 
element  of  the  corona  consists  in  a  solar  envelope  of 
glowing  gas  reaching  to  a  considerable  elevation," 
at  least  to  8'  or  lo'on  the  average,  with  occasional 
prolongations  of  double  that  extent,  and  it  may  turn 
out  to  have  no  upper  limit  whatever.  He  states, 
*'  There  was  an  important  difference  between  the 
behaviour  of  the  hydrogen  line  and  that  of  1474. 
At  the  edge  of  the  chromosphere  there  was  a  sudden 
and  very  great  falling  off  in  the  brightness  of  the 
former,  while  no  such  boundar}--  was  observed  for 
the  latter ;  the  line  grew  regularly  and  continuously 
more  faint  as  the  distance  from  the  sun  increased, 
until  it  simply  faded  out."  Prof.  Young  says,  "  I 
have  no  hesitation  in  affirming  that  the  corona  as  it 
appeared  to  me  in  December  was  a  very  different 
phenomenon  from  what  I  saw  the  year  before,  and 
far  more  complex."  He  considers  the  spectrum  of 
the  corona  to  consist  of  at  least  four  superposed 
elements :  — 

"  I.  A  continuous  spectrum  without  lines  either 
bright  or  dark,  due  to  incandescent  dust — that  is, 
particles  of  solid  or  liquid  meteoric  matter  near  the 
sun. 

"  2.  A  true  gaseous  spectrum,  consisting  of  one 
(1474)  or  more  bright  lines,  which  may  arise  from 
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the  vapour  of  the  meteoric  dust,  but  more  probably 
from  a  solar  atmosphere  through  which  the  meteoric 
particles  move  as  foreign  bodies. 

3.  A  true  sunlight  spectrum  (with  its  dark  lines), 
formed  by  photospheric  light  reflected  from  the 
solar  atmosphere  and  meteoric  dust.  To  this  re- 
flected sunlight  undoubtedly  is  due  most  of  the 
polarization. 

4.  Another  component  spectrum  is  due  to  the 
light  reflected  from  the  particles  of  our  own  atmo- 
sphere. This  is  a  mixture  of  the  three  already 
named,  with  the  addition  of  the  chromosphere  spec- 
trum ;  for  while  at  the  middle  of  the  eclipse  the  air 
is  wholly  shielded  from  photospheric  sunlight,  it  is 
of  course  exposed  to  illumination  from  the  promi- 
nences and  upper  portions  of  the  chromosphere. 

*'  5.  If  there  should  be  between  us  and  the  moon, 
at  the  moment  of  eclipse,  any  cloud  of  cosmical 
dust,  the  light  reflected  by  this  cloud  would  come 
in  as  a  fifth  element." 

Mr.  Proctor  (Monthly  Notices,  vol.  xxxi.,  p.  184) 
considers  that  we  have  evidence  of  vertical  dis- 
turbance, with  reference  to  the  sun's  globe,  in  the 
objects  which  surround  the  sun,  and  that  these  are 
not  of  the  nature  of  concentric  atmospheric  shells. 
The  observations,  he  remarks,  of  Zollnerand  Respighi 
show  that  the  prominences,  as  respects  their  first 
formation,  are  phenomena  of  eruption.  The  velocity 
with  which  the  gaseous  matter  of  the  prominences 
must  pass  the  photosphere  must  be  in  many  cases 
at  least  200  miles  per  second,  and  its  initial  velocity 
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probably  not  less  than  300  miles  per  second.  Dense 
gaseous  matter  flung  out  with  the  hydrogen  would 
probably  retain  a  velocity  of,  say,  240  miles  per 
second,  and  reach  a  height  exceeding  that  indicated 
by  the  greatest  extension  of  the  radiations  observ^ed 
last  December.  From  an  examination  of  the  ori- 
ginal negative  taken  by  Mr.  Brothers,  Mr.  Proctor 
considers  that  this  photograph  favours  the  view  that 
the  coronal  radiations  are  phenomena  of  eruption.] 

55.  The  Telespectroscope,  and  Method  of  ob- 
serving THE  Spectra  of  the  Prominences 
IN  Sunshine. 

As  early  as  October  1866,  Mr.  J.  Norman  Lockyer 
communicated  to  the  Royal  Society  a  method  for 
observing  the  spectrum  of  the  solar  prominences 
at  any  time  when  the  sun  was  visible,  but  his 
labours  were  unproductive,  owing  to  the  insuflicient 
dispersive  power  of  his  instrument.* 

*  [Though  to  Mr.  Lockyer  is  due  the  first  publication  of  the  idea 
of  the  possibiUty  of  applying  the  spectroscope  to  observe  the  red 
flames  in  sunshine,  as  a  matter  of  history  it  should  not  be  passed 
over  that  about  the  same  time,  the  same  idea  occurred  quite  in- 
dependendy  to  two  other  astronomers,  Mr.  Stone  of  Greenwich, 
and  Mr.  Muggins.  These  observers  were  however  unsuccessful 
in  numerous  attempts  which  they  made  to  see  the  spectra  of  the 
prominences,  for  the  reason  probably  that  the  spectroscopes  they 
employed  were  not  of  sufficient  dispersive  power  to  make  the 
bright  lines  of  the  solar  flames  easily  visible.  When  the  position 
of  the  lines  was  known,  Huggins  saw  them  instantly  with  the  same 
spectroscope  (two  prisms  of  60'')  which  he  had  previously  used  in 
vain. 

It  does  not  seem  that  Janssen  was  aware  of  Lockyer's  suggestion 
in  1866,  or  that  he  had  seen  the  following  description  of  the 
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In  observing  the  solar  eclipse  of  i8th,  August 
1868,  Janssen  was  surprised  by  the  remarkable 
l:)rilliancy  of  the  prominence-lines,  and  exclaimed 
as  the  sun  reappeared  and  the  prominences  faded 
away,  *'Je  reverrai  ces  lignes  la  en  dehors  des 
eclipses  !"  Clouds  prevented  him  carrying  out  his 
intention  on  that  day,  but  on  the  19th  of  August  he 
was  up  by  daybreak  to  await  the  rising  of  the  sun, 
and  scarcely  had  the  orb  of  day  risen  in  full  splendour 
above  the  horizon  than  he  succeeded  in  seeing  the 
spectrum  of  the  prominences  with  perfect  distinct- 
ness. The  phenomena  of  the  previous  day  had 
completely  changed  their  character  :  the  distribution 
of  the  masses  of  gas  round  the  sun's  edge  was  en- 
tirely different,  and  of  the  great  prominence  scarcely 
a  trace  remained.  For  seventeen  consecutive  days 
Janssen  continued  to  oloserve  and  make  drawings  of 
the  prominences,  by  which  it  was  proved  that  these 
gaseous  masses  changed  their  form  and  position 

experiments  of  Huggins,  published  some  six  months  before  the 
edipse  (February,  1868)  in  the  Monthly  Notices  of  the  Royal 
Astronomical  Society  (vol.  xxviii.,  p.  88)  :  "  During  the  last  two 
years  Mr.  Huggins  has  made  numerous  observations  for  the  purpose 
of  obtaining  a  view  of  the  red  prominences  seen  during  a  solar 
eclipse.  The  invisibility  of  these  objects  at  ordinary  times  is  sup- 
posed to  arise  from  the  illumination  of  our  atmosphere.  If  these 
bodies  are  gaseous,  their  spectra  would  consist  of  bright  lines. 
With  a  powerful  spectroscope  the  light  scattered  by  our  atmosphere 
near  the  sun's  edge  would  be  gready  reduced  in  intensity  by  the 
dispersion  of  the  prisms,  while  the  bright  lines  of  the  prominences, 
if  such  be  present,  would  remain  but  litde  diminished  in  brilliancy. 
This  principle  has  been  carried  out  by  various  forms  of  prismatic 
apparatus,  and  also  by  other  contrivances,  but  hitherto  without 
success."] 
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with  extraordinary  rapidity.  Janssen's  paper  com- 
municating his  discovery  to  the  French  Minister  of 
Education  is  dated  from  Cocanada,  the  19th  of  Sep- 
tember. 

Lockyer,  in  the  meantime,  had  caused  some  im- 
provements to  be  made  in  his  instrument,  and  only 
received  it  again  into  his  possession  on  the  i6th  of 
October,  1868,  long  after  the  news  of  Janssen's 
discovery  had  reached  Europe.  On  the  20th  of 
October  the  telespectroscope*  was  sufficiently  in  order 
to  allow  of  its  being  employed  for  observation,  and 
on  the  same  day  Lockyer  wrote,  in  a  communication 
to  the  Royal  Society,  as  follows : — 

"  I  have  this  morning  perfectly  succeeded  in  ob- 
taining and  observing  part  of  the  spectrum  of  a  solar 
prominence.  As  a  result  I  have  established  the 
existence  of  three  bright  lines  in  the  following  posi- 
tions (Fig.  130,  No.  6):  i.  Absolutely  coincident 
with  C  ;  2.  Nearly  coincident  with  F  ;  3.  Near  D." 

This  third  line  near  D,  always  a  very  fine  line,  is 
more  refrangible  by  nine  or  ten  degrees  of  Kirch- 
hoff's  scale  than  the  most  refrangible  of  the  two  D- 
lines  (that  is  to  say,  it  lies  nearer  to  the  green),  and 
is  designated  D3. 

In  a  subsequent  communication  to  Mr.  Warren  De 
la  Rue,  Lockyer  states  that  the  prominences  are 
merely  local  aggregations  of  a  luminous  gaseous 
medium  which  entirely  envelops  the  sun,  and  that 

*  We  designate  by  this  expression  the  combination  of  a  tele- 
scope moved  by  clockwork,  with  a  spectroscope  of  great  dispersive 
power. 
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the  characteristic  spectrum  of  the  prominences  could 
be  obtained  on  all  sides  of  the  sun.  He  estimates  the 
thickness  of  this  gaseous  envelope  to  be  about  5,000 
miles,  and  remarks  that  the  pure  spectrum  of  a  pro- 
minence consists  of  short  bright  lines,  but  that  if  the 
slit  of  the  instrument  be  directed  on  to  the  limb  M  N 
of  the  sun  as  already  explained  in  Fig.  132,  and 
kept  perpendicular  to  the  tangent  ac  oi  this  spot,  a 
narrow  stripe  abed  of  the  solar  spectrum  will  be 
seen  fringed  by  the  faint  spectrum  aefc  of  the  air 
and  the  prominence  /.  As  in  this  way  the  bright 
lines  of  the  prominence  are  so  closely  joined  to  the 


Fig.  134. 


Sketch  of  a  Prominence  by  means  of  its  Spectrum  Lines. 


solar  spectrum  as  to  form  prolongations  of  the 
Fraunhofer  lines,  it  is  easy  to  ascertain  with  great 
accuracy  which  of  the  lines  coincide  with  the  Fraun- 
hofer lines  and  which  do  not.  If  the  spectroscope 
be  directed  according  to  this  method  to  the  extreme 
edge  of  the  sun,  and  the  slit  carried  round  the  sun, 
the  spectrum  of  the  prominences  will  be  immediately 
recognized ;  and  as  the  lines  appear  only  where 
an  accumulation  of  hydrogen  is  present,  from  the 
greater  or  less  length  of  these  bright  lines  a  drawing 
of  the  form  and  position  of  the  prominences  round 
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the  sun  may  be  made  with  almost  the  same  accuracy 
as  during  an  eclipse. 

A  prominence  thus  observed  and  sketched  by 
Lockyer  is  shown  in  Fig.  134.  As  the  length  of  the 
bright  lines  depends  upon  the  height  of  the  promi- 
nence upon  which  the  slit  of  the  spectroscope  is 
directed,  and  these  lines  appear  only  in  the  field  of 
the  instrument  when  the  light  of  the  luminous  gas 
falls  into  the  slit,  it  is  easy  to  see  that  attention 
need  only  be  directed  to  one  of  these  bright  lines, 
the  bluish-green  F-line  for  instance,  in  order  to  de- 
termine the  form  of  a  prominence.  If  such  a  line 
be  observed  to  be  of  some  length,  a  prominence  is 
then  in  view ;  and  if  the  slit  be  turned  slowly  to  the 
right  and  to  the  left,  the  line  will  lengthen  or  shorten 
according  as  the  prominence  is  higher  or  lower ;  it 
will  also  appear  interrupted,  divided,  or  as  at  the 
point  a  isolated  from  the  solar  spectrum,  according 
as  the  prominence  itself  is  interrupted  or  separated 
from  the  sun's  limb. 

Lockyer  was  undoubtedly  the  first  to  suggest  the 
possibility  of  observing  the  spectrum  of  the  promi- 
nences in  ordinary  sunlight,  and  to  furnish  a  method 
for  the  purpose;  Janssen  was  the  first  to  accom- 
plish the  fact.  Under  such  circumstances  it  is 
needless  to  discuss  to  whom  the  priority  of  this  im- 
portant discovery  is  due ;  the  fame  connected  with 
It  is  sufficiently  great  to  be  shared  by  these  two 
observers. 

The  possibility  of  observing  the  lines  of  the  pro- 
minences in  bright  sunshine  lies  in  the  diflerence 
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between  the  spectrum  of  the  solar  light  and  that  of 
the  prominences;  while  the  former  is  continuous, 
crossed  with  the  dark  lines,  the  latter  consists 
merely  of  a  few  bright  lines.  If  both  spectra  be 
formed  in  the  spectroscope  at  the  same  time,  the 
intense  brightness  of  the  continuous  spectrum  will 
in  an  ordinary  instrument  completely  overpower  the 
one  consisting  of  lines,  and  prevent  its  being  visible. 
It  has,  however,  been  shown  (p.  234)  that  by  in- 
creasing the  number  of  prisms,  the  spectrum  may 
be  greatly  extended,  whereby  the  continuous  spec- 
trum becomes  considerably  diminished  in  intensity, 
and  may,  indeed,  by  the  use  of  a  sufficient  number 
of  prisms,  be  rendered  almost  invisible ;  the  light 
of  the  prominences,  on  the  contrary,  consists  of 
very  few  colours,  which,  though  becoming  further 
separated  one  from  another  by  the  increased  dis- 
persion of  the  light,  are  yet  merely  displaced,  and 
do  not  suffer  any  very  perceptible  loss  of  light,  but 
remain  still  visible  in  the  spectroscope  as  very 
bright  lines.  It  therefore  follows  that  by  the  use 
of  a  spectroscope  of  highly  dispersive  power,  the 
dazzling  light  of  the  sun  is  modified,  while  the  lines 
of  the  prominences  retaining  their  intensity,  may  be 
observed  even  on  the  disk  of  the  sun.  The  greater, 
therefore,  the  dispersive  power  of  the  instrument,  the 
brighter  will  the  coloured  lines  of  the  prominences 
appear  to  be. 

It  was  on  these  considerations  that  Lockyer  based 
his  plan  of  observing  the  spectra  of  the  prominences 
in  full  sunlight  by  means  of  a  telespectroscope  (Fig. 
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135).  For  this  purpose  the  slit  of  a  highly  disper- 
sive spectroscope,  dc  eh,  firmly  attached  by  the  rods 
aab  to  an  equatorially  mounted  telescope  L  T  P, 
driven  by  clockwork,  is  directed  perpendicularly 
on  to  the  edge  of  the  sun's  image  formed  in  the 
telescope.     By  moving  the  tube  e  of  the  spectro- 


FiG.  135. 


Lockyer's  Telespectroscope. 


scope  from  end  to  end  of  the  spectrum,  and  setting 
the  focus  each  time,  the  bright  lines  of  the  pro- 
minences may  be  seen  as  prolongations  of  the  dark 
lines  of  the  spectrum  of  the  sun's  disk  on  a  back- 
ground of  the  exceedingly  faint  spectrum  of  the 
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earth's  atmosphere.  In  the  picture,  S  is  the  finder, 
g  a  handle  for  moving-  the  telescope  in  declination, 
d  the  tube  containing  the  slit,  h  a  small  telescope 
for  reading  the  divisions  on  the  micrometer  screw 
head,  partly  concealed  by  the  rod  a  a. 

Fig.  139. 


Lockyer's  Telespectroscope  constructed  by  Browning. 


The  telescope,  an  excellent  refractor  of  6;  inches 
aperture,  and  98^  inches  focal  length,  is  driven 
by  clockwork.  The  spectroscope,  constructed  by 
Browning  with  his  well-known  ability,  is  represented 
on  an  enlarged  scale  in  Fig.  136.    The  eyepiece  is 

25 
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separated  from  the  telescope,  and  the  small  image 
of  the  sun  is  therefore  formed  beyond  the  tube  of 
the  telescope,  and  can,  if  necessary,  be  easily  re- 
ceived upon  a  screen.  The  slit  of  the  collimator  d 
is  fixed  precisely  on  the  edge  of  this  image,  and 
the  small  telescope  e  so  far  turned  round  the  pivot 
VI  by  the  driving-screw  n  as  to  bring  the  dark  line 
C  or  F  of  the  solar  spectrum  into  the  middle  of  the 
field  of  view.  The  adjustment  of  the  spectroscope 
to  the  telescope  allows  of  the  slit  being  brought 
either  radially  or  tangentially  on  to  any  part  of  the 
sun's  limb  as  required.  The  system  of  prisms  C 
consists  of  seven  prisms  of  dense  flint  glass*  of 
45°  each,  and  possesses  a  refracting  angle  of  more 
than  300° :  when  a  still  greater  dispersion  is 
needed,  Lockyer  employs  an  eighth  prism  of  60°, 
and  in  some  special  cases  even  makes  use  in 
addition  of  a  system  of  direct-vision  prisms,  which 
is  introduced  into  the  telescope  tube  e. 

Fig.  137,  in  connection  with  Fig.  132,  will  explain 
more  clearly  this  method  of  observing  the  pro- 
minences. S  represents  the  solar  image  as  formed 
by  the  object-glass  of  the  telescope  ;  //  the  image 
of  the  immediate  neighbourhood  of  the  sun,  which 
is  rendered  invisible  owing  to  the  overpowering 
light  of  day.  The  slit  is  placed  perpendicularly 
to  the  sun's  limb,  and  is  therefore  in  the  direction 
of  the  sun's  radius,  so  that  one  half  falls  on  the  sun's 
disk,  while  the  other  half  extends  beyond  it  on  to 

The  glass  had  a  specific  gravity  of  3-91,  a  refractory  index 
of  i"665,  and  a  dispersive  power  of  0*0752. 
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the  surrounding  envelope  of  glowing  hydrogen  (the 
prominences).  In  spectrum  i,  which  is  still  bright, 
though  very  much  weakened  by  the  great  dispersion 
of  the  light,  the  Fraunhofer  lines  are  very  strongly 
marked.  The  other  half  of  the  field  of  view  contains 
the  spectrum  of  the  air  2,  3,  which  is  extremely  faint, 
and  which  by  a  sufficient  increase  in  the  number  of 
prisms  may  be  very  nearly  extinguished.  The  spec- 

FiG.  137. 


Method  of  observing  the  Prominences. 

trum  2  of  the  prominence  stratum  pp  appears  upon 
this  spectrum  in  immediate  contact  with  the  spec- 
trum I  of  the  sun's  disk,  and  it  has  been  found  by 
observation  that  spectrum  2  consists  of  several 
bright  lines,  among  which  the  hydrogen  lines  are 
at  all  times  particularly  brilliant,  of  which  H  a  (red) 
forms  the  exact  prolongation  of  C,  H  /3  (greenish- 

25  A 
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blue)  the  equally  accurate  prolongation  of  F,  and 
H  y  (blue)  less  refrangible  than  G  (not  represented 
in  the  drawing);  there  is  also  to  be  seen  the  line 
as  yet  unknown  D3,  immediately  following  the  so- 
dium line  D^. 

In  Plate  IX.,  No.  4,  is  represented  the  spectrum 
of  the  sun,  and  that  of  its  immediate  neighbour- 
hood, as  it  usually  appears  in  a  large  telespectro- 
scope  with  a  radial  slit.  In  the  latter  spectrum, 
besides  the  four  bright  lines  of  luminous  hydrogen, 
other  bright  lines  are  generally  visible,  being 
the  reversal  of  the  Fraunhofer  lines ;  among  these, 
the  yellow  line  D3  beyond  D  is  usually  present, 
and  frequently  a  green  line  due  to  iron,  1475 
(Kirchhoff),  besides  the  three  magnesium  lines  b, 
and,  according  to  an  observation  by  Rayet,  the  two 
sodium  lines  D,  and  D^.  From  the  circumstance 
of  the  spectrum  of  the  prominences,  as  well  as  that 
of  the  gaseous  stratum  p p  immediately  surrounding 
the  sun,  being  composed  of  coloured  lines,  Lockyer 
has  given  to  this  gaseous  envelope  the  name  of 
chro77iosphere. 

The  slit  may  also  be  placed  in  a  position  tangential 
to  the  sun's  limb,  as  at  (Fig-  i37)>  and  the 
light  admitted  either  exclusively  from  the  im- 
mediate neighbourhood  of  the  sun,  namely,  from 
the  chromosphere,  or  else  in  conjunction  with  that 
from  the  extreme  edge  of  the  sun. 

Instead  of  examining  the  direct  image  of  the 
sun  as  formed  by  the  object-glass,  a  magnified 
image  may  be  obtained  by  drawing  out  the  eye- 
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piece  of  the  telescope  and  directing  the  slit  on  to 
this  enlarged  image. 

The  telespectroscope  employed  by  Prof.  Young 
(Fig.  131)  is  essentially  of  the  same  construction 
as  that  just  described  used  by  Lockyer. 

Merz,  the  celebrated  optician  of  Munich,  con- 
structs direct- vision  spectro3Copes  of  great  disper- 
sive power,  for  the  spectroscopic  observation  of  the 
prominences;  they  afford  the  advantage*  of  viewing 
directly  the  object  to  be  observed — as,  for  instance, 
the  sun's  limb,  a  prominence,  or  a  spot, — and  are 
introduced  into  the  telescope  in  place  of  the  eye- 
piece. Fig.  138  shows  the  interior  construction  of 
such  a  spectroscope.  The  system  of  prisms  P  has 
a  dispersive  power  from  D  to  H  =  8° ;  the  colli- 
mating  lens  is  placed  at  C  ;  one  half  of  the  slit  5  ^ 
adjustable  by  the  screw  S,  is  covered  by  the  re- 
flecting prism  r,  which  receives  the  light  used  for 
comparison,  whether  that  of  a  flame  or  a  Geissler's 
tube,  from  the  side  opposite  to  that  where  the  screw 
S  is  placed  ;  L  is  a  cylindrical  lens  employed  for 
stellar  observations,  but  withdrawn  for  observations 
on  the  sun.  The  telescope  F,  of  which  the  object- 
glasses  have  a  focal  length  of  four  inches,  and  an 
aperture  of  seven  lines,  is  provided  with  the  positive 
eyepiece  O  of  one  inch,  and  furnished  with  a  micro- 
meter of  points  m  m,  with  the  necessary  delicate 
adjustments.    By  means  of  the  screw  g,  the  tube  F, 

*  [There  is  no  advantage  in  this ;  on  the  contrary,  the  position 
of  the  observer  is  less  convenient,  especially  when  the  sun  is 
high.] 
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under  pressure  of  the  opposing  spring  /,  can  be  so 
far  turned  towards  either  side  as  to  be  fixed  on  any 
part  of  the  spectrum  from  the  extreme  red  to  the 
violet. 

In  this  form  the  instrument  acts  as  an  ordinar}^ 
highly  dispersive  spectroscope,  particularly  when 
it  is  screwed  into  the  place  of  the  e3''epiece  of  a 
telescope  in  order  to  observe  the  spectrum  of  a 
faint  object,  such  as  the  moon,  the  planets,  or  the 
brightest  of  the  fixed  stars. 

When  the  instrument  is  required  for  the  observa- 
tion of  the  solar  prominences,  its  dispersive  power 

Fig.  138. 


Merz's  simple  and  compound  Spectroscope. 


must  be  doubled  by  the  introduction  of  a  second 
direct-vision  system  of  prisms  similar  to  that  marked 
P  between  the  collimatiner  lens  C  and  the  first  svs- 
tern  of  prisms.  In  this  compound  form  the  instru- 
ment shows  very  distinctly  in  a  clear  atmosphere 
the  fine  nickel  line  between  the  two  sodium  lines 
Dj  and  D,.  To  assist  in  directing  the  instrument 
on  to  any  part  of  the  sun's  limb,  a  divided  position 
circle  is  attached  within  the  tube  at  the  part  where 
it  is  screwed  on  to  the  telescope. 

According  to  Carpmael,  one  of  Browning's  direct- 
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vision  system  of  seven  prisms,  similar  to  that  con- 
tained in  the  spectroscope  described  in  page  119, 
suffices,  when  combined  with  the  two-inch  object- 
glass  of  a  good  telescope,  to  show  in  sunlight  the 
two  bright  prominence-lines  H  a  and  H  ^.  When 
the  instrument  is  so  mounted  as  to  be  turned 
with  convenience  on  to  the  sun,  a  blue  glass  is 
placed  before  the  slit,  so  as  to  exclude  all  but  blue 
light  from  the  spectroscope.  When  the  image  of 
the  sun  formed  within  the  telescope  passes  over  the 
slit,  and  the  slit  is  placed  in  the  right  position,  the 
bright  greenish-blue  line  H  /3  will  be  seen  as  a 
prolongation  of  the  F-line  of  the  solar  spectrum. 
By  substituting  red  glass  for  blue,  the  red  line  Ha 
will  be  seen  in  a  similar  manner  as  the  prolongation 
of  the  line  C. 

Immediately  upon  the  arrival  of  the  news  by 
telegraph  of  Janssen's  discovery,  Secchi,  at  Rome, 
began  a  series  of  spectrum  investigations  of  the 
prominences.  He  employed  a  spectroscope  of  two 
excellent  flint-glass  prisms  of  highly  dispersive 
power,  capable  of  showing  the  fine  Fraunhofer  lines 
situated  between  B  and  A,  and  placed  it  in  com- 
bination with  an  excellent  equatorial.  Even  on 
the  first  attempt,  as  the  narrow  slit  was  fixed  on  the 
sun's  limb,  the  lines  C  and  F  were  observed  to  be 
reversed  in  the  spectrum  of  the  air,  and  appeared 
therefore  as  bright  lines. 

Secchi  then  carried  the  slit  completely  round  the 
disk  of  the  sun,  placing  it  alternately  in  a  direction 
parallel  and  perpendicular  to  the  sun's  limb.  He 
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observed  that  the  bright  line  C  (red)  was  every- 
where visible;  with  the  slit  in  a  position  perpen- 
dicular to  the  sun's  limb,  this  line  was  always  from 
lo"  to  15'''  in  length,  excepting  in  a  zone  of  45°  on 
each  side  of  the  equator ;  in  this  region,  where  the 
solar  spots  and  faculse  are  known  to  abound,  this 
line  was  four  times  its  ordinary  length.  In  many 
places  the  C-line  was  separated  from  the  sun's  limb  : 
when  the  slit  was  placed  at  a  tangent  to  the  limb, 
this  line  always  appeared  as  a  bright  line  crossing 
the  entire  spectrum,  and  sometimes  was  cut  up  in 
single  pieces  when  the  slit  was  removed  from  the 
sun's  limb,  but  always  appeared  complete  and  un- 
broken when  the  slit  was  again  brought  in  contact 
with  the  limb  of  the  sun. 

This  proves  what  the  observations  of  solar  eclipses* 
and  the  researches  of  Lockyer  had  already  shown, 
that  the  stratum  of  glowing  gas  (the  chromosphere) 
surrounding  the  sun  is  really  continuous,  though 
distributed  ver}^  unevenly.  Where  a  bright  line 
attains  the  height  of  60"  or  more  in  the  spectrum,  it 
proclaims  the  existence  of  a  prominence  in  that 

*  [Professor  Swan,  discussing  his  observations  of  the  total  solar 
eclipse  of  July  185 1,  wrote  (April  1852) :  "  Obviously  the  simplest 
view  that  can  be  taken  of  this  phenomenon  is  to  regard  the  red 
fringe  and  the  red  protuberances  as  of  the  same  nature  ;  and  all  the 
observations  will  then  confirm  the  idea  that  the  matter  composing 
those  objects  is  distributed  all  round  t/icsun."  Professor  Grant  in  his 
"  History  of  Physical  Astronomy"  (date  of  preface  March  2,  1852), 
expresses  a  similar  opinion.  Leverrier  in  1 860  wrote  :  "  The 
existence  of  a  bed  of  rose-coloured  matter,  partially  transparent, 
covering  the  whole  surface  of  the  sun,  is  a  fact  established  by  the 
observations  made  during  the  totality  in  the  eclipse  of  this  year."] 
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place,  and  where  a  bright  line  is  broken  into  frag- 
ments, it  is  an  indication  of  the  presence  of  isolated 
masses  of  glowing  gas, — of  solar  clouds  at  a  con- 
siderable height  above  the  sun's  surface. 

56.  The  Chromosphere  and  its  Spectrum. 

By  the  term  chromosphere  is  designated  that 
luminous,  gaseous  envelope  by  which  the  sun  is 
entirely  surrounded.*  As  already  mentioned,  its 
spectrum  consists  of  a  number  of  bright  lines, 

*  [This  terai  was  used  originally  to  denote  the  red  flames  and 
stratum  of  red  light  connecting  them.  Recently  it  has  been  sug- 
gested to  extend  it  to  the  whole  of  the  light  surrounding  the  sun, 
which  gives  a  spectrum  of  bright  lines.  At  the  present  time,  how- 
ever, it  is  more  important  than  ever  to  be  able  to  distinguish  with 
precision  the  different  objects  which  make  up  the  sun's  surroundings. 

Professor  Young  writes  :  "  One  important  element  of  the  corona 
consists  in  a  solar  envelope  of  glowing  gas  reaching  to  a  consider- 
able elevation.  For  this  envelope  the  name  of  *  Isucosphere  '  has 
been  proposed;  it  seems  a  suitable  term  and  well  worthy  of  adoption. 
It  has  been  objected  to  on  the  ground  that  '  chromosphere  ' 
covers  the  whole  bright-line  region  around  the  sun ;  but  when  the 
latter  name  was  first  proposed,  there  was  evidently  no  idea  that 
above  the  envelope  of  hydrogen  there  lay  another  from  twenty  to 
a  hundred  times  as  extensive,  and  it  would  be  very  convenient  to 
restrict  it  to  the  lower  hydrogen  stratum,  and  retain  the  new  term 
for  the  more  elevated  mass  of  gaseous  matter." 

Mr.  Proctor  suggests  that  "  the  relation  between  the  prominences 
and  the  layer  of  coloured  matter  at  a  lower  level,  is  such  as  to 
render  the  term  Sierra,  employed  by  those  who  discovered  the 
layer,  altogether  more  appropriate  than  chromospha-e^  which  seems 
to  imply  that  the  coloured  layer  forms  a  spherical  envelope.  I  see 
no  reason  why  the  fine  word  Sierra  should  not  be  restored  to  its 
place  in  our  books  of  astronomy,  and  the  brighter  and  fainter  pacts 
of  the  corona  should  not  be  called  corona  and  glory  ;  or  else  the 
Astronomer  Royal's  mode  of  describing  them  might  be  adopted,  and 
one  called  the  ring  formed  corona^  the  other  the  radiated  corona."^ 
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among  which  those  of  hydrogen  are  always  present, 
and  are  especially  noticeable  from  their  length  and 
brilliancy.  If  during  the  observation  the  slit  of 
the  spectroscope  be  placed  radially^  as  in  Fig.  137, 
so  that,  while  one  half  extends  over  the  sun's  limb, 
the  other  half  falls  on  the  chromosphere,  the  double 
spectrum  of  the  sun  and  chromosphere  will  then  be 
received  as  shown  in  Plate  IX.,  No.  4.    So  great  a 

Fig.  139. 
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The  Spectrum  ot  the  Sun's  Disk  (below)  and  that  of  the  Chromosphere  (above) 

near  the  C-line. 

power  of  dispersion  is  requisite  in  a  spectroscope 
suited  to  this  purpose,  in  order  to  subdue  the 
spectrum  of  diffused  daylight  formed  at  the  same 
time,  that  only  a  small  portion  of  the  spectrum  of  the 
chromosphere  can  be  in  the  field  of  view  at  once,  and 
therefore  the  telescope  must  be  brought  in  various 
directions  on  to  the  system  of  prisms,  in  order  to 
examine  the  different  sections  of  the  entire  spectrum. 
Figs.  139,  140,  and  141  represent,  after  Lockyer's 
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drawings,  those  portions  of  the  spectrum  which  are 
usually  observed,  since  they  are  those  best  suited  for 
the  examination  of  the  prominences  and  the  chro- 
mosphere, and  for  noticing  the  changes  occurring 
in  them.  Fig.  139  shows  that  part  of  the  solar  spec- 
trum which  includes  the  C-line,  together  with  the 
similar  portion  of  the  chromosphere  exhibiting  the 
hydrogen  line  H  a,  equally  broad  and  somewhat 


Fig.  140. 


D1D2 

The  Spectrum  of  the  Sun's  Disk  (below)  and  that  of  the  Chromosphere  (above) 

near  the  D-line. 

pointed  at  its  termination.  Fig.  141  exhibits  the 
F-line  and  solar  spectrum  in  its  immediate  neigh- 
bourhood, and  above  it  the  hydrogen  line  H  /3 
of  the  chromosphere :  this  line  is  spread  out  at  the 
base,  and  terminates  above  in  an  arrow-shaped  point, 
while  the  line  H  a,  on  the  contrary,  remains  as  a  rule 
of  the  same  width  throughout  as  the  C-line.  Fig. 
140  represents  that  portion  of  the  spectrum  beyond 
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the  double  sodium  line  D,  where  about  midway 
between  two  very  fine  dark  lines  of  the  solar  spec- 
trum the  yet  unknown  line  D3  is  situated  in  the 
spectrum  of  the  chromosphere. 

While  the  red  line  H  a  is  always  brilliant  and 
easily  seen,  the  greenish-blue  line  H  /3,  though  also 
very  bright,  is  yet  much  fainter  and  frequently  also 
much  shorter  than  H  a.  The  F-line,  as  well  as  its 
corresponding  line  H  /3,  is  subject  to  a  variety  of 


The  Spectrum  of  the  Sun's  Disk  (below)  and  that  of  the  Chromosphere  (above) 

near  the  F-line. 

changes,  such  as  becoming  inflated,  bent,  widened, 
twisted,  and  broken  up, — a  full  description  of  which 
will  be  found  in  §  57. 

Besides  these  bright  lines  constantly  occurring 
in  the  spectra  of  the  prominences  and  the  chromo- 
sphere, there  appear  from  time  to  time  in  various 
places  of  the  spectrum  many  other  bright  lines, 
very  marked  and  brilliant,  among  which  is  a  line 
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in  the  red  between  B  and  C,  but  nearer  to  C  *  (Fig. 
130,  No.  7),  another  in  the  green  between  E  and  F 
(Fig.  130,  Nos.  3,  5,  8),  the  iron  line  1474  (K.),  the 
magnesium  lines,  etc. 

In  the  same  way  the  third  hydrogen  line  Hy 
(blue)  near  G  (Fig.  130,  No.  2;  Frontispiece 
No.  7),  No.  2796  (K.),  appears  very  brilliant  under 
favourable  circumstances ;  and  when  the  air  is  trans- 
parent and  free  from  vapour,  and  a  high  prominence 
is  present,  there  is  also  seen  the  fourth  hydrogen 
line  H  8  (blue,  3370*  i  K.),  which  coincides  pre- 

o 

cisely  with  the  dark  line  marked  h  by  Angstrom,  of  a 
wave-length  of  0*0004101 1  of  a  millimetre  ;  this  line 
was  seen  by  Rayet  with  great  distinctness  on  the 
30th  of  April  and  on  the  ist  and  20th  of  May,  1869. 
The  red  line  near  C  does  not  correspond  with  any 
of  the  dark  Fraunhofer  lines. 

The  remarkable  yellow  line  D3  (Fig.  140)  is  seen 
as  constantly  in  every  part  of  the  circumference  of 
the  sun's  disk  as  the  hydrogen  lines  ;  the  luminous 
gas  to  which  it  is  due  must  therefore,  like  hydrogen, 
form  a  constituent  of  the  chromosphere.  Lockyer 
has  been  unable  to  find  any  corresponding  dark  line 
in  the  solar  spectrum  for  this  line,  notwithstanding 
the  most  careful  micrometric  measurements,  and 
the  most  painstaking  comparisons  with  the  maps  of 
Kirchhoff  and  Gassiot. 

*  [Professor  C.  A.  Young,  on  December  21,  1870,  saw  in  the 
spectnim  of  a  very  bright  but  small  prominence  on  the  N.W. 
limb  of  the  sun,  the  line  below  C,  which  he  had  seen  twice  before, 
but  had  often  looked  for  in  vain.  It  is  the  reversal  of  the  dark  line, 
656,  of  Kirchhoff's  map.] 
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The  position  of  this  line  has  been  determined  by 
Rayet,  as  well  as  by  Lockyer  and  Secchi.  If  with 
Rayet  the  distance  between  the  sodium  lines  and 

be  taken  as  the  unit,  then  the  distance  of  the  line 
D3  from      =  -2 '49.   If  the  wave-lengths  of  the  lines 

and  be  taken  at  590*53  and  589"88  millionth 
of  a  millimetre,  then  the  wave-length  of  the  line  D3 
will  be  588'27  millionth  of  a  millimetre.  The  posi- 
tion of  this  line  in  Kirchhoff  s  scale  is  according  to 
Young  ioi7"5,  according  to  Rayet  ioi6'8. 

A  series  of  observations  upon  this  line  has  lately 
been  instituted  by  Lockyer,  who  in  conjunction  with 
Frankland  had  previously  ascertained,  by  compari- 
sons with  the  spectrum  given  by  a  tube  filled  with 
hydrogen,  that  it  could  not  be  attributed  to  hydrogen 
gas.    The  results  obtained  were  as  follows  : — 

1.  With  the  slit  tangential  to  the  sun's  limb,  the 
line  D3  appeared  bright  at  the  lower  part  of  the 
chromosphere,  while  at  the  same  time  the  C-line 
was  dark  in  the  same  field  of  view. 

2.  In  a  prominence  over  a  spot  on  the  sun's  disk 
the  lines  C  and  F  were  bright,  while  the  yellow  line 
D3  was  invisible. 

3.  In  a  prominence  which  burst  forth  under  high 
pressure  from  the  sun  the  motion  indicated  by 
change  of  the  wave-length  (§  57)  was  less  for  the 
line  D3  than  for  either  C  or  F. 

4.  In  one  case  the  C-line  appeared  long  and  con- 
tinuous, while  the  line  D3,  though  of  equal  length, 
was  broken  and  interrupted. 

It  follows  from  this  that  the  line       is  certainly 
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not  occasioned  by  hydrogen  gas,  and  its  source  is 
therefore  at  present  still  undiscovered. 

The  reversal  of  the  sodium  lines  D,  and  {vide 
Plate  IX.,  No.  4)  has  been  observed  by  Lockyer, 
and  subsequently  also  by  Rayet,  in  the  spectrum  of 
the  chromosphere;  that  is  to  say,  they  have  been 
seen  as  bright  lines.  With  a  tangential  slit,  Rayet 
saw  both  these  lines  dark  upon  the  sun's  limb;  at 
the  base  of  a  magnificent  prominence  3'  high,  which 
appeared  to  rest  upon  the  sun's  limb,  both  these 
lines  were  still  dark  and  fading  away,  though 
already  somewhat  fainter  ;  when  nearly  two- thirds 
from  the  base  they  had  entirely  disappeared,  but  by 
a  slight  displacement  of  the  slit  they  were  dis- 
covered in  the  form  of  bright  yellow  lines.  At  the 
summit  of  the  prominence  they  were  again  dark 
lines. 

The  four  magnesium  lines  b^,  b^,  b^,  b^*  are  seen 
not  unfrequently  as  bright  lines  in  the  spectrum  of 
the  chromosphere,  but  almost  always  as  very  short 
lines,  which  seems  to  show  that  the  vapour  of  mag- 
nesium does  not  rise  to  any  great  height  in  the 
chromosphere.  When  these  bright  lines  are  visible, 
the  first  three,  b^,  b^,  b^,  appear  of  about  equal 
length,  while  the  fourth  line,  b^,  is  much  shorter 
(Plate  IX.,  No.  4).  It  has  been  found  by  Lockyer 
and  Frankland  that  a  similar  phenomenon  to  that 
observed  in  the  chromosphere  is  to  be  noticed  in 
the  spectrum  of  terrestrial  magnesium  when  formed 

*  [Three  only  of  these  lines  belong  to  magnesium,  fi^  consists  of 
lines  of  nickel  and  iron.] 
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by  the  passage  of  the  electric  spark  through  the  air 
between  electrodes  of  this  metal,  and  the  poles  too 
far  separated  to  allow  of  the  spectrum  extending 
from  one  pole  to  the  other,  but  each  pole  sur- 
rounded by  a  luminous  vapour  of  magnesium.  In 
observing  at  a  short  distance  the  spectrum  of  this 
luminous  gaseous  envelope,  the  most  refrangible  of 
the  three  magnesium  lines  that  made  their  appear- 
ance was  always  the  shortest,  and  shorter  still  were 
several  other  lines  which  have  not  been  observed  as 
yet  in  the  spectrum  of  the  chromosphere.  Of  the 
many  iron  lines  occurring  as  dark  lines  in  the  solar 
spectrum,  only  a  few  appear  as  bright  lines  in  the 
spectrum  of  the  chrom.osphere;  among  these,  the 
line  1474,  so  often  referred  to,  which  shows  itself  as 
a  short  green  line,  is  that  most  frequently  obser\^ed. 

At  certain  times,  when  powerful  eruptions  from 
the  interior  of  the  sun  extend  into  and  even  beyond 
the  chromosphere,  the  spectrum  of  the  latter  be- 
comes very  complicated.  Phenomena  of  this  kind 
have  been  frequently  observed  by  Lockyer  with  a 
tangential  slit.  This  position  offers  the  advantage 
of  viewing  at  one  time  a  much  larger  extent  of  the 
sun's  limb,  or  chromosphere,  than  can  be  obtained 
by  a  slit  placed  radially,  although  the  latter  position 
is  advantageous  when  the  object  of  the  observer  is 
to  watch  the  changes  occurring  in  the  chromosphere, 
or  to  observe  especially  the  form  and  height  of  the 
prominences.  When  the  slit  is  placed  tangentially 
upon  the  sun's  limb,  so  that  portions  of  the  sun  and 
chromosphere  are  visible  at  the  same  time  to  an 
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equal  height  in  the  sHt,  the  spectra  of  the  sun  and 
chromosphere  are  no  longer  seen  side  by  side,  but 
are  partially  superposed,  the  one  obscuring  the 
other.  An  instance  of  this  is  given  in  Fig.  142,  as 
observed  by  Lockyer  in  that  portion  of  the  spectrum 
containing  the  C-line,  when  the  slit  encountered  a 
prominence ;  the  dark  C-line  was  completely  an- 
nihilated, and  replaced  by  a  bright  band.  The  F- 
line,  as  shown  in  Fig.  143,  was  differently  affected. 


Fig.  142. 


C 

Covering  of  the  dark  C-line  with  H  a. 


In  the  spectrum  of  the  light  emitted  from  the  ex- 
treme edge  of  the  sun,  the  bright  F-line  H /3 
appears  to  be  of  greater  refrangibility  than  the 
dark  F-line  itself,  but  at  a  short  distance  from  the 
sun's  limb  the  dark  F-line  in  the  spectrum  of  a 
prominence  was  also  completely  replaced  by  the 
corresponding  bright  line  of  hydrogen  gas.  Not 
only  the  hydrogen  lines,  but  also  many  other  lines, 

26 
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appear  bright  under  similar  circumstances  in  the 
spectrum  of  the  chromosphere,  and  on  the  17th  of 
April,  1870,  hundreds  of  such  bright  or  reversed 
Fraunhofer  lines  were  observed  by  Lockyer  at  a 
spot  in  the  chromosphere  where  a  prominence  was 
situated.  The  complications  in  the  spectrum  of  the 
chromosphere  were  most  remarkable  in  the  regions 
more  refrangible  than  C,  and  in  those  extending 
from  the  line  E  to  beyond  b,  and  as  far  as  the 
neighbourhood  of  F ;    the  vapour  of  iron  under 


Fig.  143. 


Partial  covering  of  the  dark  F-line  with  H  /J. 

extreme  pressure  seems  to  be  an  important  agent 
in  this  phenomenon. 

Among  the  most  remarkable  phenomena  observ- 
able in  the  bright  lines  of  hydrogen  gas  seen  in  the 
spectrum  of  the  chromosphere  is  that  of  the  widening 
at  the  base  and  pointed  arrow-like  termination  of 
the  greenish-blue  line  H  /3,  as  well  as  the  narrowing 
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to  a  point  of  the  other  bright  lines  H  a  and  D3, 
as  represented  in  Figs.  139,  140,  and  141.  The 
causes  affecting  the  width  of  the  spectrum  lines 
have  been  pointed  out  in  §  32  ;  these  have  been 
found  to  consist  partly  in  the  density  dependent 
upon  pressure,  and  partly  in  the  temperature  of  the 
gas,  yet  according  to  some  experiments  made  by 
Secchi  the  temperature  is  found  to  exercise  the 
most  important  influence  upon  the  width  of  the 
lines.  At  a  given  temperature,  and  at  a  certain 
degree  of  rarefaction,  the  spectrum  of  hydrogen 
consists  of  the  three  characteristic  lines  H  a,  H  /3, 
H  7.  With  an  increase  of  temperature  the  line  H  7 
is  the  first  to  begin  tq  widen  on  both  sides,  then 
H  /3  becomes  similarly  affected,  while  H  a  remains 
unchanged,  even  when  H  7  has  passed  into  a  broad, 
ill-defined  violet  band.  When  the  gas  is  rarefied, 
then  H  a  is  the  first  to  disappear,  while  H  /3  re- 
mains unaffected.  On  the  other  hand,  it  seems  to 
be  proved  from  Secchi' s  experiments  that  with 
the  same  density  of  gas  a  decrease  of  tempera- 
ture is  followed  by  a  narrowing  of  the  three  lines, 
and  that  with  a  given  density  there  is  a  limit 
to  the  decrease  of  temperature  at  which  they  will 
entirely  disappear.  The  pointed  termination  of  the 
bright  lines  in  the  spectrum  of  the  chromosphere 
indicates  therefore  that  the  temperature  of  the  chro- 
mosphere decreases  as  it  recedes  from  the  sun,  and, 
at  the  same  time,  that  the  density  of  the  hydrogen 
envelope  is  greater  at  the  base  of  the  chromosphere 
than  in  the  higher  regions. 
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The  phenomena  observed  in  the  C-  and  F-lines 
of  the  hydrogen  gas  in  the  chromosphere  and  pro- 
minences do  not,  however,  consist  merely  in  the 
widening  of  the  lines  and  their  pointed  termination, 
but  also  frequently  in  several  other  changes,  such 
as  their  becoming  swollen  out  in  several  places  and 
assuming  a  twisted  appearance,  or  being  broken  up 
into  separate  pieces, — phenomena  which  must  be 
regarded  as  an  indication  of  violent  eruptive  or 
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stormy  action  taking  place  in  the  interior  of  the 
gaseous  mass.  Among  other  observers,  Lockyer  has 
made  many  observations  of  this  kind,  and  he  has 
recorded  the  appearance  presented  by  these  lines. 
An  instance  is  given  in  Fig.  144,  where  the  F-line 
of  the  solar  spectrum  is  accompanied  by  the  cor- 
responding bright  prominence-line  H  /3,  which,  in 
addition  to  the  usual  arrow-pointed  termination, 
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has  assumed  the  form  of  a  twisted  wavy  line,  the 
lower  part  of  which  spreads  out  over  the  sun's  disk : 
the  C-line  of  the  same  prominence  remained  in  the 
meanwhile  unaffected,  being  neither  spread  out  at 
the  base  nor  twisted  in  form. 

A  similar  phenomenon  in  a  very  brilliant  promi- 
nence was  noticed  by  Professor  Young  on  the  19th 
of  April,  1870.  The  red  C-line  (H  a)  was  remarkably 
bright,  so  as  to  admit  of  its  form  being  observed 
with  a  tolerably  wide  opening  of  the  slit,  but  in  no 
part  was  the  line  either  twisted  or  broken.  The 

Fig.  145. 


Changes  in  the  Line  H  j3  after  Young. 

F-line  (H|3),  on  the  contrary  (Fig.  145),  though 
equally  brilliant,  was  everywhere  broken  up  into 
pieces,  and  at  the  base  was  three  or  four  times 
wider  than  usual. 

It  will  presently  be  shown  in  what  manner  the 
displacement  of  a  spectrum-line  and  the  phenomena 
depicted  in  Figs.  144  and  145  are  connected  with 
the  fiiotion  of  the  luminous  gaseous  mass  to  which 
these  lines  in  the  spectroscope  owe  their  origin. 
When,  however,  as  in  these  instances,  only  one  of 
the  spectrum  lines  (H/3)  is  so  affected,  and  the 
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Other  line  (Ha)  remains  unchanged,  it  is  scarcely 
credible  that  the  cause  of  this  phenomenon  is  to 
be  found  in  the  eddying  motion  of  the  gas 
whence  the  light  is  emitted.  Young  is  of  opinion 
that  phenomena  of  this  kind  are  to  be  attributed 
to  some  local  absorption  by  which  a  line  (colour) 
which  is  much  spread  out  by  the  influence  of  pres- 
sure and  temperature  is  particularly  affected.  By 
means  of  his  powerful  spectroscope,  composed  of 
five  prisms.  Young  was  able  to  watch  the  above 
phenomenon  for  half  an  hour  at  a  time. 

A  series  of  similar  but  still  more  complicated 
phenomena  occurring  in  the  bright  spectrum  lines 
of  a  prominence,  the  causes  of  which  will  be  dealt 
with  more  in  detail  in  §  57,  were  observed  by 
Lockyer  in  April  1870,  when  some  sketches  were 
taken  of  them  by  an  experienced  draughtsman.  In 
this  instance  the  phenomena  were  confined  chiefly 
to  the  red  C-line,  to  which  Lockyer  directed  his 
attention  almost  exclusively. 

When  the  air  is  exceedingly  tranquil  in  the 
neighbourhood  of  a  large,  solar  spot,  or  over  a  large 
region  in  the  sun's  disk,  absorption  bands  are  seen 
to  traverse  the  whole  length  of  the  spectrum  (Fig. 
107)  crossing  at  right  angles  the  Fraunhofer  lines; 
they  var}'  in  width  and  in  depth  of  shade  according 
as  a  pore,  a  depression,  or  a  completely  formed 
spot  is  found  opposite  the  corresponding  place  in 
the  slit.  Here  and  there  in  the  brightest  portions 
of  the  spectrum  there  suddenly  appears  a  lozenge- 
shaped  light  (Fig.  146,  No.  2)  in  the  middle  of  the 
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absorption  line.  It  is  thought  by  Lockyer  to  be 
caused  by  luminous  hydrogen  which  is  subjected  to 
a  more  than  usual  pressure,  and  this  may  therefore 
possibly  be  the  cause  of  those  extremely  bright 
points  which  are  to  be  observed  in  the  faculae  in 
the  neighbourhood  of  the  sun's  limb. 

Fig.  146,  No.  I,  shows  the  dark  F-line  at  the 
base  of  a  prominence  as  observed  with  a  tangential 
slit.  In  it  are  to  be  seen  two  or  three  of  those 
lozenge-shaped  stripes  of  light  which  are  due  ap- 

FiG.  146. 
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Reversal  of  the  C-  and  F-lines. 


parently  to  the  greater  pressure  of  the  gas  ;  they 
were  more  elongated  in  the  direction  of  the  dark 
line  than  was  the  case  in  the  line  C. 

A  precisely  similar  phenomenon  was  observed  by 
Young  in  both  the  D-lines.  On  the  22nd  of  Sep- 
tember, 1870,  he  saw  in  the  spectrum  of  the  umbra 
of  a  large  spot  near  the  sun's  eastern  limb,  the  two 
sodium  lines  and  reversed,  or  as  bright  lines 
in  the  manner  represented  in  Fig.  147.  The  C-  and 
F-lines  were  also  reversed  at  the  same  time, — a 


4o8 


SPECTRUM  ANALYSIS. 


phenomenon  which  has  been  frequently  observed  in 
the  spectra  of  the  solar  spots  (p.  290)  with  Young's 
new  spectroscope,  an  instrument  possessing  a  dis- 
persive power  equal  to  thirteen  prisms  of  dense 
flint  glass. 

The  line  D3  was  not  visible  in  the' umbra  of  the 
spot,  but  showed  itself  distinctly  in  the  penumbra 
as  a  dark  shadow.  On  the  afternoon  of  the  28th  of 
September  the  following  lines  were  seen,  bright  or 
reversed,  in  the  spectrum  of  the  umbra  of  the  same 
spot,  in  the  following  order  of  brightness  :  C,  F,  D3, 


Fig.  147. 

ni  D2  Uj? 


Young's  Observation  of  the  Reversal  of  the  D-lines. 

2796  (K.),  or  H  y  ;  b^,  b,,  b, ;  D„  D, ;  h,  b^,  and  1474 
(K.)  The  cause  of  this  phenomenon  was  soon 
revealed  by  the  appearance  of  two  gigantic  pro- 
minences which  were  observed  as  brilliant  objects 
in  the  spectroscope  on  the  sun's  disk  ;  one  extended 
into  the  umbra  of  the  spot,  the  other  only  as  far  as 
the  penumbra. 

A  simple  method  of  illustrating  the  occurrence 
of  the  simultaneous  observation  of  the  spectra  of 
the  immediate  appendage  of  the  sun  (the  chromo- 
sphere) and  the  sun  itself  has  been  devised  by 
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Lockyer.  He  noticed  that  the  flame  of  an  ordinary 
tallow  or  stearine  candle  is  surrounded  by  an  en- 
velope of  sodium  vapour  not  ordinarily  visible,  but 
which  can  be  perceived  immediately  on  the  appli- 
cation of  the  spectroscope  by  the  existence  of  the 
yellow  sodium  lines.  If  the  slit  of  the  instrument 
be  moved  slowly  from  the  side  into  the  flame,  at 
the  spot  a  little  above  the  place  where  the  wick 
bends  outward,  the  bright  line  D  will  at  once 
appear  against  a  dark  background  :  by  a  further 
movement  of  the  slit  into  the  flame  itself,  a  second 
spectrum,  the  continuous  spectrum  of  the  flame,  is 
formed,  and  there  will  be  seen  side  by  side,  in  the 
same  field  of  view,  the  two  spectra — that  of  the 
flame,  and  that  of  the  sodium  vapour  by  which 
it  is  enveloped.  If  the  flame  be  agitated  so  as 
to  produce  a  flickering,  the  bright  D-line  may  be 
made  to  pass  through  similar  changes  to  those  ob- 
served in  the  hydrogen  lines  of  the  chromosphere. 

It  may  at  first  sight  appear  strange  that  the  lines 
of  oxygen,  nitrogen,  and  carbon  have  never  been 
perceived  either  in  the  spectrum  of  the  sun  or  in 
that  of  the  chromosphere,  seeing  that  these  sub- 
stances are  found  in  such  abundance  upon  the 
earth.  In  his  large  maps  of  the  solar  spectrum 
(Plates  IV.,  v.,  VI.),  Angstrom  has  also  included  the 
spectrum  of  the  atmospheric  air  as  obtained  from 
the  electric  spark,  whence  it  may  at  once  be  seen 
that  the  lines  given  by  air,  the  components  of  which 
are  nitrogen  and  oxygen,  are  nowhere  coincident 
with  any  of  the  Fraunhofer  lines.    The  non-appear- 
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ance  of  the  lines  of  any  substance  in  the  spectrum 
of  a  self-luminous  composite  body  in  no  way  justi- 
fies the  conclusion  that  such  a  substance  is  entirely 
absent. 

o 

From  Angstrom's  investigations  it  appears  that 
the  spectrum  of  the  atmosphere  is  not  visible  when 
the  electric  spark  is  formed  in  the  free  air  between 
the  carbon  points  of  a  Bunsen  battery  of  fifty  ele- 
ments, and  can  in  general  only  be  produced  by  the 
employment  of  a  Geissler's  tube  filled  with  rarefied 
air  when  the  electricity  is  at  a  high  tension ;  *  that 
is  to  say,  under  circumstances  that  accompany  an 
extremely  high  temperature.  In  the  same  way  the 
spectrum  of  carbon  cannot  be  obtained  by  the  mere 
incandescence  of  carbon  in  the  electric  current;  the 
spectrum  thus  produced  consists  partly  of  the  con- 
tinuous spectrum  of  the  incandescent  solid  particles 

*  [The  spectrum  of  the  air  is  not  seen  when  the  electricity  from 
the  battery  passes  between  carbon  points,  because  the  voltaic  arc 
present  under  these  circumstances  consists  of  a  bridge  of  the 
vapour  or  fine  particles  of  the  substance  of  the  electrodes  over 
which  the  electricity  passes,  and  which  by  the  resistance  it  offers 
becomes  vividly  incandescent.  When  a  spark,  as  that  of  an  in- 
duction coil,  can  pass  through  free  air,  the  spectra  of  the  gases  of 
the  atmosphere  are  always  visible,  as  is  the  case  when  an  induction 
spark  passes  between  metallic  electrodes,  the  spectra  of  the  atmo- 
spheric gases,  oxygen  and  nitrogen  (and  the  red  line  of  hydrogen 
from  the  aqueous  vapour  always  present  in  ordinaiy  air)  being 
then  seen  together  with  the  spectrum  of  the  metal  employed.  The 
invariable  presence  of  the  atmospheric  spectrum  when  a  spark 
passes  through  free  air  led  Huggins  to  use  this  spectrum  as  a  scale 
of  reference  in  his  maps  of  the  spectra  of  the  chemical  elements. 
The  small  amount  of  carbonic  acid  gas  present  in  the  atmosphere 
cannot  be  detected  by  the  spectroscope.] 
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of  carbon,  and  partly  of  the  spectra  of  carburetted 
hydrogen  and  of  cyanogen.  The  heat  of  the  voltaic 
arc  of  flame  (§  10)  is  therefore  insufficient  to  convert 
carbon  into  a  gaseous  form.* 

By  applying  these  phenomena  to  the  sun,  we  are 
led  with  Angstrom  to  the  conclusion  that  the  tem- 
perature of  that  luminary  is  on  the  one  hand  too 
high  to  permit  of  such  combinations  as  carburetted 
hydrogen,  cyanogen,  etc.,  being  formed,  and,  on 
the  other  hand,  too  low  to  allow  of  carbon  being 
converted  into  a  gaseous  state,  so  as  to  form  its 
spectrum,  or  to  produce  the  spectra  of  oxygen  and 
nitrogen. 

Similar  results  have  been  arrived  at  by  Wullner, 
Secchi,  and  Zollner,t  Wullner  by  means  of  experi- 
ment (p.  173),  Zollner  by  ingenious  reasonings  upon 
the  behaviour  of  hydrogen,  nitrogen,  and  oxygen 
in  the  sun  as  affected  by  variations  in  their  density, 
specific  gravity,  and  emissive  power,  founded  upon 
the  supposition  that  the  eruptive  forms  of  the 
prominences  are  to  be  regarded  as  the  result  of 
hydrogen  gas  rushing  to  the  outer  surface  from  the 
interior  of  the  sun,  and  that  the  cause  of  these  erup- 
tions is  to  be  sought  for  in  the  difference  of  pressure 
to  which  the  gas  is  subject  in  the  interior,  and  on 
the  surface  of  the  sun.  Calculations  made  on  this 
hypothesis,  taking  into  account  the  amount  of  hy- 

*  [See  note  in  §  68.] 

+  Zollner,  Ueber  die  Temperatur  und  physische  Beschafienheit 
der  Sonne.  Bericht  der  Konigl.  Sachs.  Gesellsch.  der  Wisicu- 
schaften  vom  2  Juni,  1870. 
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drogen  present  in  the  sun,  would  lead  us  by  analogy 
to  regard  the  amount  of  oxygen  and  nitrogen  in  that 
stratum  where  the  hydrogen  spectrum  begins  to  be 
continuous  as  extremely  small  in  comparison  with 
the  amount  of  hydrogen.  Those  rays,  therefore, 
which  are  given  out  by  a  stratum  of  hydrogen 
yielding  a  continuous  spectrum,  pass  through  so 
small  an  amount  of  incandescent  particles  of  oxygen 
and  nitrogen  in  coming  to  our  eye,  that  the  absorp- 
tion they  suffer  is  extremely  small,  and  therefore 
not  perceptible.  For  this  reason,  even  supposing 
the  sun  to  possess  an  atmosphere  of  nitrogen  and 
oxygen  similar  in  density  and  temperature  to  its 
atmosphere  of  hydrogen,  the  lines  of  nitrogen  and 
oxygen  would  still  fail  to  be  visible  either  as  dark 
Fraunhofer  lines  in  the  spectrum  of  the  sun,  or  as 
bright  lines  in  the  spectrum  of  the  chromosphere. 
It  must  not  be  concluded,  therefore,  from  the  ab- 
sence of  the  lines  of  nitrogen  and  oxygen  in  both 
these  spectra,  that  these  substances  are  not  present 
in  either  the  sun  or  the  chromosphere. 

From  all  these  observations  the  following  results 
may  be  deduced  concerning  the  nature  of  the  chro- 
mosphere : 

1.  The  body  of  the  sun  or  its  light-giving  en- 
velope the  photosphere,  is  completely  surrounded 
by  a  gaseous  envelope  in  which  hydrogen  consti- 
tutes the  chief  element,  and  which  is  called  the 
chromosphere.  Its  mean  thickness  is  between  5,000 
and  7,000  miles. 

2.  The  prominences  are  local  accumulations  of 
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the  chromosphere,  and  therefore  pre-eminently  of 
hydrogen  gas,  which  appear  to  break  forth  from 
time  to  time  from  the  interior  of  the  sun  in  the 
form  of  monster  eruptions,  forcing  their  way 
through  the  photosphere  and  chromosphere.  As 
this  gas  on  effecting-  a  passage  rises  with  great 
rapidity,  it  becomes  quickly  rarefied  in  a  direction 
away  from  the  sun's  limb. 

3.  As  in  the  spectrum  of  the  chromosphere  the 
greenish-blue  line  H  /3,  coincident  with  the  Fraun- 
hofer  line  F,  takes  in  general  the  form  of  an  arrow- 
head, the  base  of  which  rests  on  the  sun's  limb,  and 
the  widening  of  this  line  is  caused  by  an  increase 
of  pressure  as  well  as  by  a  rise  of  temperature, 
therefore  the  pressure  and  the  temperature  of  the 
gas  in  the  lowest  stratum  of  the  chromosphere 
must  be  greater  than  in  the  upper  part.  From  the 
experiments  undertaken  by  Lockyer,  Frankland, 
Wiillner,  and  Secchi,  it  appears  that^z^^;2  in  the  lowest 
stratum  of  this  gaseous  envelope  the  pressure  is  S7naller 
than  that  of  our  at77ZOsphere,  therefore  that  the  gas  of  the 
chromosphere  is  in  a  state  of  greater  atte7iuation. 

4.  The  greenish-blue  line  H  /3,  which  under 
normal  conditions  is  of  the  same  width  as  the  lines 
H  a  and  C,  sometimes  in  a  prominence  swells  out 
in  a  globular  form,  and  is  twisted  over  the  chromo- 
sphere line  (Fig.  144),  the  cause  of  which  is  pro- 
bably the  sudden  and  violent  meeting  or  dammmg 
up  of  streams  of  gas,  and  their  consequent  con- 
densation. 

5.  The  three  characteristic  lines  of  hydrogen  Ha, 
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H  /3,  H  7,  as  well  as  a  fourth  blue  line,  are  all  ob- 
served with  complete  certainty  in  the  spectrum  of  the 
chromosphere  and  that  of  the  prominences  ;  in  good 
instruments,  and  under  favourable  atmospheric  cir- 
cumstances, the  first  two  lines  sometimes  extend 
into  the  spectrum  of  the  regions  underlying  the 
chromosphere,  and  thus  cause  the  corresponding 
Fraunhofer  lines  C  and  F  to  appear  as  bright  lines 
upon  the  sun's  disk.  The  yellow  line  D3  of  the 
chromosphere  is  neither  due  to  sodium  nor  to  hy- 
drogen, nor  is  the  red  line  less  refrangible  than  C  a 
hydrogen  line  ;  it  has  not  yet  been  ascertained  to 
what  substances  they  belong. 

6.  Under  the  chromosphere  lies  the  luminous 
cloud-like  vaporous  or  nebulous  phohsphere,  which 
contains  all  the  substances,  the  spectrum  lines 
of  which  appear  as  absorption  lines  in  the  solar 
spectrum.  These  substances — among  which  iron, 
magnesium,  and  sodium  are  especially  prominent — 
often  burst  forth  in  a  state  of  incandescence,  and 
are  carried  up  to  a  certain  distance  into  the  chro- 
mosphere and  into  the  basis  of  the  prominences, 
though  not  in  general  to  any  considerable  elevation. 

Secchi  has  been  led  to  believe  from  his  obser\'a- 
tions  during  the  total  eclipse  of  i860,  as  well  as 
from  those  recently  undertaken  with  his  large 
instrument,  that  the  chromosphere  does  not  imme- 
diately rest  on  the  sun's  limb,  but  is  separated  from 
it  by  a  very  thin  space  of  white  light  from  2"  to  3" 
in  thickness  (40,000  miles),  which  gives  a  continu- 
ous spectrum.   Secchi  is  of  opinion  that  Kirchhoff's 
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assumed  atmosphere  of  luminous  vapours,  in  which 
the  white  lieht  of  the  sun  suffers  the  selective 
absorption  producing  the  dark  lines,  is  to  be  found 
in  this  stratum  of  white  light.* 

This  view  is  opposed  by  Lockyer,  who  denies  the 
existence  of  this  stratum  of  light  separating  the 
chromosphere  from  the  sun's  limb.  According  to 
him,  the  photosphere,  a  very  narrow  stratum  of 
mixed  luminous  vapours  which  yield  reversed 
spectra  of  the  Fraunhofer  lines,  forms  the  border 
or  upper  surface  of  the  solar  nucleus  upon  which 
the  chromosphere  or  stratum  of  glowing  hydrogen 
gas  immediately  rests. 

Kirchhoff's  theory  that  the  solar  nucleus  is  sur- 
rounded by  a  very  expanded,  non-luminous,  and 
comparatively  cool  absorptive  atmosphere,  must 
therefore  give  place  to  that  of  the  glowing  and 
light-emitting  photosphere  being  surrounded  by  a 
luminous  and  intensely  hot  stratum  of  gas,  the 
chromosphere,  the  spectrum  of  which  consists 
mainly  of  that  of  hydrogen  gas.    Lockyer  is  of 

[Professor  Young,  in  describing  his  observations  of  the  total 
solar  eclipse  of  Dec.  22,  1870,  says  :  "  Professor  Langley  has  so 
well  stated  what  we  saw  (see  note  on  page  250)  that  it  is  not 
necessary  to  repeat  it ;  but  I  cannot  refrain  from  putting  on  record 
that  the  sudden  reversal  into  brightness  and  colour  of  the  count- 
less dark  lines  of  the  spectrum  at  the  commencement  of  totaHty, 
and  their  gradual  dying  out,  was  the  most  exquisitely  beautiful 
phenomenon  possible  to  conceive,  and  it  seems  to  me  to  have 
considerable  theoretical  importance.  Secchi's  continuous  spectrum 
at  the  sun's  limb  is  probably  the  same  thing  modified  by  atmo- 
spheric glare  ;  anywhere  but  in  the  clear  sky  of  Italy,  so  much 
modified,  indeed,  as  to  be  wholly  masked."] 
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opinion  that  from  the  extremely  rarefied  condition 
of  this  gas,  the  existence  of  any  other  atmosphere 
extending  beyond  it,  as  might  be  inferred  from  the 
corona,  is  very  improbable,  and  that  the  thickness  of 
the  chromosphere  would  be  indicated  by  the  height 
of  its  spectrum  lines,  the  bright  hydrogen  lines 
H  a,  H  /3,  H  7  ;  these  lines  being  broad  at  the  limb 
of  the  sun,  and  running  to  a  point  at  the  top,  lead 
to  the  conclusion  that  the  temperature  of  the  chro- 
mosphere at  the  height  indicated  by  the  termination 
of  the  lines,  is  insufficient  to  keep  hydrogen  gas 
in  a  state  of  luminosity.  It  has  been  ascertained 
(p.  173)  that  an  increase  of  temperature  imparts 
to  hydrogen  the  power  of  widening  its  spectrum 
lines,  while,  on  the  contrary,  a  decrease  of  tempera- 
ture produces  a  narrowing  of  the  lines.  Now  the 
spectrum  lines  of  a  prominence  are  broad  at  the 
base  in  the  neighbourhood  of  the  sun's  limb,  and 
terminate  in  a  point  (Figs.  140,  141) ;  the  tempera- 
ture at  the  point  must  therefore  be  lower  than  at 
the  base.  The  envelope  of  hydrogen  may  mani- 
festly extend  far  beyond  the  limit  of  the  bright 
lines  without  its  existence  being  revealed  to  us  by 
the  lines  of  its  spectrum,  and  for  this  reason  these 
bright  lines  afford  no  sufficient  measure  for  the 
thickness  of  the  chromosphere  ;  it  is  much  more 
probable  that,  owing  to  a  continuous  decrease  in 
its  temperature  and  density,  the  chromosphere 
stretches  out  into  space  to  a  distance  far  beyond 
our  power  of  recognition.* 

*  [This  seems  the  place  to  call  attention  to  tlie  valuable  paper 
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57.  Modes  of  Observing  the  Prominences  in 
Sunshine.   Form  of  the  Prominences. 

As  early  as  1866,  Lockyer  attempted  to  observe 
the  prominences  in  full  sunshine  by  means  of  a 
Herschel-Browning  spectroscope  placed  in  combi- 
nation with  a  telescope.  The  method  he  employed, 
and  which  he  laid  before  the  Royal  Society  in  a 
special  communication,*  depends,  as  we  have  pre- 
viously mentioned  (p.  382),  on  the  specific  difference 
between  the  light  of  the  prominences  and  that  of  the 
sun  itself. 

The  light  of  an  incandescent  solid  or  liquid  body 
which  passes  through  the  slit  of  a  spectroscope  will 
be  spread  out  by  the  prism  into  a  band  of  greater 
or  less  length,  and  form  a  continuous  spectrum. 

The  light  of  a  gaseous  or  vaporous  body  will  by 
the  same  means,  on  the  contrary,  be  decomposed 
into  a  few  only,  sometimes  even  into  a  very  few, 
bright  lines. 

In  the  first  case,  the  greater  the  length  of  the 
spectrum,  the  less  will  be  its  intensity  in  com- 

by  Mr.  Johnstone  Stoney  published  in  1867,  in  which  he  antici- 
pated from  theoretical  considerations  some  of  the  results  since 
obtained  from  observation.  See  Abstract,  Proceedings  Roy.  Soc, 
vol.  xvi.,  p.  25,  and  vol.  xvii.,  p.  i.] 

*  [In  Lockyer's  communication  to  the  Royal  Society  in  October 
1866,  there  was  no  statement  of  a  method  of  observation  or  of 
the  principles  on  which  the  spectroscope  might  reveal  the  red 
flames.  His  suggestion  consisted  only  of  the  following  question  : 
"  May  not  the  spectroscope  afford  us  evidence  of  the  existence  of 
the  '  red  flames '  which  total  eclipses  have  revealed  to  us  in  the  sun's 
atmosphere  ;  although  they  escape  all  other  methods  of  observation 
at  other  times  ?  " — Froceedings  Royal  Society,  vol.  xv.,  p.  258.] 
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parison  with  that  of  the  source  of  light;  in  the  second 
case,  especially  when  the  spectrum  consists  only  of 
a  couple  of  lines,  the  intensity  of  each  line  is  little 
less  than  half  that  of  the  light  itself. 

If,  therefore,  an  equal  amount  of  light  from  two 
self-luminous  bodies,  one  of  which  is  solid  or  liquid, 
and  the  other  gaseous  or  vaporous,  enter  the  slit  of 
the  spectroscope  at  the  same  time,  the  bright  lines 
of  the  latter  will  be  more  brilliant  than  the  colour 
of  the  corresponding  portion  of  the  continuous 
spectrum. 

Now  by  increasing  the  number  of  prisms,  the 
continuous  spectrum  may  become  so  elongated, 
and  consequently  diminished  in  light,  that,  as  we 
have  already  mentioned  (p.  234),  the  once  brilliant 
solar  spectrum  may  be  reduced  to  the  verge  of 
visibility,  while  the  same  amount  of  dispersion  pro- 
duces on  a  spectrum  of  lines  from  glowing  gas  only 
an  increase  in  the  distance  between  the  lines,  and  no 
considerable  diminution  of  their  brilliancy. 

The  reason  why  the  prominences  round  the  sun's 
limb  cannot  be  seen  through  a  telescope  at  any 
time  by  screening  off  the  intense  light  of  the  sun, 
is  owing  to  ihe  extreme  brilliancy  with  which  the 
sun  illuminates  the  earth's  atmosphere,  the  particles 
of  which  scatter  so  large  an  amount  of  light  as 
quite  to  overpower  the  fainter  light  of  the  pro- 
minences, and  prevent  them  making  any  sensible 
impression  on  the  eye. 

In  a  total  eclipse  of  the  sun  the  light  of  this 
atmosphere  is  so  considerably  reduced  as  to  allow 
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the  larger  prominences  beyond  the  limb  of  the  sun 
to  be  observed  by  the  unassisted  eye.    The  possi- 
bility of  reducing  the  glare  of  sunlight  at  any  other 
time  without  extinguishing  the  light  of  the  pro- 
minences rests  on  the  circumstance  already  men- 
tioned, that  the  light  of  the  sun  consists  of  rays  of 
every  colour,  and  therefore  produces  in  a  spectro- 
scope of  highly  dispersive  power  a  long  and  faint 
spectrum,  while  the  light  of  the  prominences,  con- 
sisting in  general  of  only  three  or  four  kinds  of 
rays,  remains  even  after  the  greatest  dispersive 
power  still  concentrated  into  the  same  number  of 
lines  (Ha,  Hi3,  Ht,  DJ. 

It  was  on  these  principles,  first  announced  by 
Lockyer,*  that  Janssen  succeeded  the  day  after  the 
eclipse  of  the  i8th  of  August,  1868,  in  observing 
the  spectrum  of  the  prominences  in  sunshine.  That 
the  method  he  employed  was  no  other  than  that 
suggested  by  Lockyer  is  evident  from  his  own 
communication  to  the  French  Academy,  dated 
Calcutta,  the  3rd  of  October,  1868,  in  which  he 
expresses  himself  as  follows  :  "  The  principle  of  the 
new  method  rests  upon  the  difference  between  the 
spectrum  peculiarities  of  the  light  of  the  prominences 
and  that  of  the  photosphere.  The  light  of  the  photo- 
sphere, which  is  derived  from  incandescent  solid  or 
liquid  particles  is  incomparably  stronger  than  that 
of  the  prominences  which  is  derived  from  gases. 
On  this  account  it  has  been  impossible  hitherto  to 
see  the  prominences  except  during  a  total  solar 

*  [See  note  on  page  378.] 
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eclipse.  By  the  employment,  however,  of  spectrum 
analysis  the  circumstances  of  the  case  may  be 
reversed.  Li  fact,  by  the  process  of  analyzation  the 
light  of  the  sun  is  dispersed  over  the  whole  range  of 
the  spectrtcm,  and  its  intensity  becomes  considerably 
lessened.  The  prominences,  on  the  contrary,  ficrnish 
only  a  few  detached  grottps  of  rays  which  are  bright 
enough  to  bear  comparison  with  the  corresponding  rays 
of  the  solar  spectrum.  It  is  for  this  reason  that  the 
lines  of  the  prominences  may  be  seen  easily  in  the 
same  field  of  the  spectroscope  with  the  solar  spec- 
trum, while  the  direct  images  of  the  prominences  are 
invisible  on  account  of  the  overpowering  light  of 
the  sun.  Another  circumstance  very  favourable  to 
this  new  method  of  observation  lies  in  the  fact  that 
the  bright  lines  of  the  prominences  correspond  with 
the  dark  lines  of  the  solar  spectrum:  they  can, 
therefore,  not  only  be  more  easily  recognized  in  the 
field  of  the  spectroscope  along  the  edges  of  the  solar 
spectrum,  but  also  detected  on  the  solar  spectrum 
itself,  and  their  traces  even  followed  on  the  ver}^ 
surface  of  the  sun." 

As  soon  as  Janssen  and  Lockyer  had  succeeded 
by  this  method  in  observing  the  spectrum  of  the  pro- 
minences independently  of  a  total  eclipse,  it  became 
a  question  whether  it  would  not  be  po.ssible  not 
merely  to  see  the  lines  of  the  prominences,  but  also 
to  make  their  actual  forms  visible  during  sunshine. 

The  length  of  the  bright  lines  of  a  prominence, 
the  line  H  f3  for  instance,  corresponds  with  the 
height  of  that  part  of  the  prominence  which  lies  in 
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the  direction  of  the  slit,  and  it  has  been  already 
shown  (p.  381)  how  by  passing  the  slit  over  the 
surface  of  the  prominence,  and  mapping  down  the 
varying  height  of  the  line  H  /3,  Lockyer  succeeded 
in  constructing  the  outline  of  a  prominence. 

Janssen,  on  the  contrary,  proposed  to  bring  the 
slit  successively  over  every  part  of  the  surface  of  a 
prominence  by  means  of  the  quick  rotation  of  a 
direct-vision  spectroscope,  so  that  when  the  motion 
was  sufficiently  rapid  he  might  be  able,  owing  to 
the  duration  of  the  impression  of  light  upon  the  eye, 
to  see  the  complete  outline  at  one  view.  The  same 
idea  occurred  both  to  Lockyer  and  Zollner:  the 
former,  without  interfering  with  the  spectroscope, 
merely  gave  the  slit  a  rapid  revolution  in  a  direction 
at  right  angles  to  that  of  the  instrument ;  the  latter 
accomplished  the  same  end  by  giving  the  slit  an 
oscillatory  motion  by  means  of  a  spring.  But  these 
experiments,  though  giving  promise  of  success,  were 
soon  abandoned  for  other  methods,  partly  on  account 
of  the  mechanical  difficulties  they  entailed,  partly 
because  it  soon  appeared  that  the  object  could  be 
far  better  attained  by  a  much  simpler  process. 

Huggins  had  already  been  working  for  two  years 
in  another  direction.  As  the  prominences  were 
pale  red  or  pink  in  colour,  it  occurred  to  him  that  it 
might  be  possible  to  see  them  fully  during  sunshine 
if  he  could  succeed  by  the  intervention  of  coloured 
glasses  in  eliminating  the  intense  yellow,  green,  and 
blue  rays  from  the  white  light  of  the  sun.  Were  this 
accomplished,  it  was  to  be  expected  that  the  red  light 
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of  the  prominences  would  alone  pass  unobstructed 
through  the  glasses,  and  b-^  no  longer  overpowered 
by  the  remaining  atmospheric  rays,  so  that  the  forms 
of  the  prominences  themselves  would  be  seen  direct 
by  the  aid  of  a  telescope  or  an  opera-glass. 

After  selecting  with  great  care,  by  means  of  pris- 
matic analysis,  a  number  of  coloured  glasses  and 
fluids  suitable  for  this  purpose,  Huggins  examined 
the  sun  by  their  aid,  both  by  viewing  it  through 
them  directly,  and  also  by  projecting  the  image  of 
the  sun  upon  a  screen  in  a  dark  room,  after  the 
white  light  had  previously  been  sifted,  so  to  speak, 
by  means  of  the  system  of  coloured  media.* 

This  plan,  however,  failed  in  accomplishing  its 

*  [In  a  note  read  before  the  Royal  Astronomical  Society  in 
1869,  Huggins  says  :  "  Subsequently,  when  the  Indian  observations 
had  confirmed  my  suspicion  that  the  prominences  would  give 
bright  lines,  and  also  show  their  position  in  the  spectnmi,  I  tried 
a  large  number  of  coloured  media.  The  difficulty  is  to  find  two 
media  which  by  their  combination  shall  absorb  light  of  all  re- 
frangibilities  except  precisely  that  of  the  line  C  or  the  line  F.  If 
even  a  small  range  of  refrangibility  besides  that  of  the  line  selected 
be  allowed  to  pass,  the  scattered  light  of  the  atmosphere  over- 
powers and  eclipses  the  prominences.  The  most  promising  of  the 
media  which  I  tested  were  a  solution  of  carmine  in  ammonia, 
which  cuts  off  very  nearly  all  the  light  more  refrangible  than  C, 
and  a  solution  of  cholorophyll,  which  gives  a  strong  band  of  ob- 
sorption,  taking  away  the  brighter  part  of  the  light  less  refrangible 
than  C.  Unfortunately,  the  chlorophyll  band  encroaches  a  little 
upon  C,  and  so  weakens  the  light  of  the  prominences.  The 
absorption  band  of  chlorophyll,  as  Professor  Stokes  has  shown, 
can  be  moved  a  little  in  the  spectrum  by  acids  and  alkalies,  and 
differs  slightly  in  position  in  the  chlorophyll  of  different  plants ; 
but  I  have  not  been  able  to  degrade  the  band  sufficiently  to  allow 
light  of  the  refrangibility  of  C  to  pass  wholly  unimpeded."] 
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object,  and  in  the  winter  of  1868  Huggins  resumed 
his  labours  by  employing  as  a  medium  a  ruby- 
coloured  glass  which  permitted  only  the  extreme 
red  rays  of  the  spectrum  to  pass  through.  On  the 
13th  of  February,  1869,  he  first  succeeded  in  bright 
sunshine  in  seeing  a  prominence  with  sufficient 
distinctness  to  determine  its  form  and  draw  its 
outline. 

For  this  investigation  he  made  use  of  a  spectro- 
scope in  which  a  narrow  slit  had  been  introduced 
between  the  prisms  and  the  object-glass  of  the  small 
telescope,  close  in  front  of  the  latter.*  This  slit 
admitted  into  the  telescope  only  those  rays  of  a 
refrangibility  exactly  corresponding  to  that  of  the 
line  C.  As  the  bright  C-line  (Ha)  always  occurs  in 
the  spectrum  of  a  prominence,  Huggins  knew  that 
when  he  saw  this  line  visible  in  the  instrument  a 
prominence  was  in  the  field  of  the  slit :  when  he 
widened  the  slit  of  the  spectroscope  so  as  to  view  the 
whole  form  of  the  prominence,  the  spectrum  became 
so  impure  that  the  image  could  only  be  traced  with 
difficulty,  and  the  light  from  the  neighbourhood  of 
the  C-line  became  at  the  same  time  so  intense  as  to 
interfere  injuriously  with  the  susceptibility  of  the 
eye.  He  then  applied  a  deep  ruby-coloured  glass 
to  absorb  the  rays  of  a  different  refrangibility  to  that 
of  the  C-line,  when  the  prominence  was  seen  in  a 
complete  form  with  perfect  distinctness.    A  sketch 

*  [The  slit  was  placed  in  the  focus  of  the  small  telescope,  and 
not  before  the  object-glass.  This  mistake  was  made  by  Huggins 
in  his  description  of  his  observations.] 
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of  the  prominence  first  observed  by  Huggins  in  this 
manner  is  given  in  Fig.  148. 

Simultaneously  with  Huggins,  both  Zollner  and 
Lockyer  were  each  working  independently  towards 
the  same  end.  Zollner,  already  known  to  fame 
by  his  '*  Photometrischen  Untersuchungen,"  and 
well  acquainted  with  the  construction  of  every 
kind  of  optical  instrument,  had  in  a  treatise  en- 
titled "  Ueber  ein  neues  Spectroskop,"  etc.,*  given 
expression  to  his  ideas  on  the  different  modes  of  ob- 
serving the  forms  of  the  prominences  in  sunlight. 


Fig.  148. 


Huggins'  first  Observation  of  a  Prominence  in  full  Sunshine. 

with  a  description  of  the  experiments  he  had  himself 
undertaken  in  this  direction.  He  came  to  the  con- 
clusion that  the  method  of  diminishing  the  light  of 
the  earth's  atmosphere  by  a  sufficient  increase  in 
the  number  of  prisms  deserved  the  most  decided 
preference  over  the  methods  of  a  revolving  slit  or 
an  absorptive  medium,  but  he  was  unable  himself  to 
put  this  plan  immediately  into  practice  owing  to  the 
incomplete  state  of  the  necessary  instruments.  The 

*  Berichte  der  K.  Sachs.  Gesellschaft  der  Wissenschaften  zu 
Leipzig,  vom  6  Februar,  1869. 
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mode  of  procedure  which  Zollner  considered  as  most 
suitable  consisted  of  a  combination  of  Lockyer's  prin- 
ciple with  the  last  method  employed  by  Huggins, 
namely,  of  first  seeking  out  the  spectrum  line  of  a 
prominence,  and  then  opening  the  slit  so  wide  as  to 
be  able  to  see  the  entire  prominence,  or  at  least  a 
portion  of  it,  through  the  aperture. 

When  Lockyer  learnt,  on  the  27th  of  February, 
1869,  that  Huggins  had  succeeded  in  seeing  the  pro- 
minences in  sunshine  by  merely  widening  the  slit^  the 
same  idea  occurred  to  him  which  Zollner  had  already 
published  on  the  6th  of  the  same  month,  but  which 
he  had  not  been  able  to  carry  out  practically,  that 
the  diminution  of  the  atmospheric  light  would  be 
much  more  completely  accomplished  by  an  increase 
in  the  number  of  prisms  than  by  the  use  of  absorp- 
tive glasses,*  and  that  the  prominences  would  cer- 
tainly be  seen  in  their  whole  extent  if  one  of  their 
spectrum  lines,  the  greenish-blue  line  H  j3,  or  the 
red  line  Ha,  for  instance,  was  brought  into  the  field 
of  view  of  a  spectroscope  of  great  dispersive  power, 
and  the  slit  then  opened  sufficiently  to  allow  the  com- 

*  [The  author  appears  here  not  sufficiently  to  distinguish  between 
the  experiments  by  Huggins  to  view  the  prominences  by  the 
method  of  absorption,  and  those  by  the  prismatic  method,  which 
he  was  carrying  on  at  the  same  time.  In  the  method  of  the  wide 
sHt,  Huggins  relied  alone  upon  the  prismatic  method,  and  the  ruby 
glass  was  used  for  diminishing  the  glare,  which  was  painful  to  the 
eye,  and  prevented  the  forms  of  the  prominences  from  being  seen 
with  the  small  spectroscope  employed,  which  was  furnished  with 
only  two  prisms.  With  a  spectroscope  of  greater  dispersive  power 
the  red  glass  is  not  necessary.  The  method  is  identical  with  that 
adopted  by  Zollner,  and  employed  by  Lockyer  and  Respighi.] 
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plete  form  of  the  prominence  to  be  seen.  The  admir- 
able telespectroscope  (Fig.  136),  furnished  with  seven 
prisms,  which  was  then  complete  and  in  his  posses- 
sion, confirmed  after  a  few  trials  the  correctness  of 
this  view,  and  he  was  the  first  to  succeed,  without 
additional  mechanical  help  or  the  use  of  coloured 
glasses,  in  observing  the  prominences  at  any  time 
when  the  sun  was  visible,  and  tracing  their  complete 
outline.* 

*  [The  Editor  has  on  several  occasions  since  Februar)'^,  1869, 
when  he  corresponded  with  Professor  Maxwell  on  the  subject, 
attempted  to  apply  to  the  sun  the  method  of  viewing  an  object  by 
monochromatic  light  originally  employed  by  Professor  Maxwell  in 
his  experiments  on  colour.  This  method  would  permit  a  con- 
siderable portion  of  the  sun's  limb,  or  even  the  whole  sun,  to  be 
seen  at  once.  Professor  Maxwell,  in  a  letter  dated  Febniar}'  19, 
1869,  stated  the  general  principle  thus  :  "  You  make  a  spectroscope 
consisting  of  a  set  of  prisms  and  a  lens  on  either  side  of  them,  and 
a  slit  at  the  principal  focus  of  each  of  the  lenses.  No  light  can  get 
through  this  combination  except  that  which  can  pass  from  one  slit  to 
the  other,  so  that  by  adjusting  the  slits  all  light  except  that  of  one 
bright  line  of  the  prominence  may  be  cut  off."  In  applying  this 
method  to  the  sun,  a  spectroscope  of  great  dispersive  power,  pro- 
vided with  a  long  collimator,  is  attached  to  the  astronomical 
telescope  so  that  the  slit  is  placed  at  some  distance  within  the 
principal  focus,  thus  causing  the  sun's  image  to  fall  without  the 
coUimating  lens  somewhere  among  the  prisms.  At  the  principal 
focus  of  the  small  telescope  of  the  spectroscope  a  second  slit 
is  placed.  With  the  aid  of  a  positive  eyepiece  this  telescope  is 
moved  until  the  bright  line,  say  C,  of  a  prominence  is  seen  to  fall 
between  the  jaws  of  this  second  slit.  The  eyepiece  is  then 
removed,  and  the  eye  placed  at  the  slit.  Under  these  circum- 
stances the  observer  sees  the  sun,  or  part  of  his  disk,  by  means  of 
liglit  of  that  particular  refrangibility  only.  By  moving  the  small 
telescope  the  sun  may  be  viewed  by  monochromatic  light  of  any 
desired  refrangibility.  The  Editor  has  always  found  the  false  light 
about  the  sun's  limb  from  the  difilraction  images  caused  by  the  first 
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By  the  same  means  Zollner  saw  the  prominences 
for  the  first  time  on  the  ist  of  July,  1869.  He  has 
published  the  results  of  his  observations,  and  ac- 
companied them  by  a  series  of  highly  interesting 
drawings  of  some  of  the  larger  prominences,  in 

Fig.  149. 


2  July,  3h.  20m. 
S.W.  limb. 
Height  =  38". 


2  July,  iih.  35m. 
Pos.  angle  =  278° 
Height  =  c.  65". 


I  July,  3h.  45m. 

N.E.  limb. 
Height  =  c.  120". 


4  July,  ph.  om. 

S.E.  limb. 
Height  =  c.  40". 


I  July,  6h.  45m. 
Pos.  angle  =  76°. 
Height  =  35  to  40". 


4  July,  6h.  30m. 
N.W.  limb. 
Height  =  35". 


Solar  Prominences  observed  by  Zollner. 

which  their  origin,  development,  and  subsequent 
disappearance  are  very  clearly  exhibited. 

slit  to  render  the  prominences  less  distinct  than  when  seen  by  the 
method  of  using  a  wide  slit,  and  more  than  to  counterbalance  the 
advantage  of  viewing  at  once  a  much  larger  portion  of  the  sun's 
limb.]  • 
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In  Fig.  149  are  given  some  of  the  most  conspicu- 
ous forms  of  these  masses  of  flame,  together  with  the 
date  of  observation,  the  place  of  their  appearance 
on  the  sun's  limb,  and  their  height  in  seconds  {vide 
note  in  p.  330).  With  regard  to  these  forms,  Zollner 
makes  the  following  remarks  : — 

"  The  first  prominence  which  I  observed  is  repre- 
sented in  Fig.  149,  No.  i.  Over  a  conical  mass  of 
extreme  brilliancy  projecting  from  the  sun's  limb 
there  extends  a  cloud-like  form  of  less  intensity. 
To  the  same  type  belong  also  the  prominences 
No.  4  and  No.  6. 

"  No.  4  was  a  very  striking  object  from  the  sur- 
prisingly beautiful  cloud  of  cumulus  form  which 
floated  at  some  distance  above  the  cone.  The 
cloud  was  remarkably  soft  in  texture,  and  traceable 
in  its  smallest  details.  The  individual  cumulus-like 
elements  of  which  it  was  composed  appeared  almost 
like  faintly  luminous  points. 

"One  of  the  most  remarkable  forms  was  that  repre- 
sented in  No.  2.  I  could  hardly  trust  the  evidence 
of  my  eyes  as  I  perceived  in  it  the  lambent  motion 
of  a  flame.  This  motion  was,  however,  slower  in 
proportion  to  the  size  of  the  flame  than  the  corre- 
sponding motion  in  the  high  flaring  flames  of  great 
conflagrations.  The  time  required  for  the  propaga- 
tion of  this  wave  of  flame  from  the  base  to  the 
termination  of  the  image  was  between  two  and  three 
seconds." 

It  is  in  most  cases  a  matter  of  indifference  whether 
the  red  line»(H  «)  or  the  greenish-blue  line  (Hi3)  be 
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selected  for  this  method  of  observation  ;  the  requisite 
width  of  slit  depends  mainly  upon  the  condition  of 
the  atmosphere.  If  the  observing  telescope  of  the 
spectroscope  be  fixed  upon  the  C-line,  and  the  nar- 
row slit  be  so  directed  on  to  the  limb  of  the  sun  that 
the  red  line  H  a  appears  in  the  field  of  view,  on 
widening  the  slit,  the  prominence  will  be  seen  of  a 
red  colour ;  if,  on  the  contrary,  the  F-line  and  the 
line  H  /3  be  observed,  the  same  form  will  be  visible 
in  the  colour  of  greenish-blue. 

It  will  not  perhaps  be  superfluous  to  mention  that 
even  with  the  smallest  opening  of  the  slit  a  very 
considerable  portion  of  the  sun's  surface  is  included, 
in  the  field  of  view.  If  this  opening  be  not  greater 
than  ^  of  an  inch,  and  the  image  of  the  sun,  as  in 
Lockyer's  instrument,  be  nearly  an  inch  in  diameter, 
yet  the  rays  passing  through  the  slit  would  include 
those  emitted  from  a  space  on  the  sun's  surface  of 
about  3,300  miles  in  extent. 

Each  of  the  two  methods  described  in  §  55  of 
observing  the  spectrum  of  the  chromosphere  and 
that  of  the  prominences  possesses  peculiar  advan- 
tages. If  the  object  be  merely  to  analyze  the  various 
lines  in  the  spectrum  of  the  chromosphere,  then  the 
magnified  image  of  the  sun  is  examined  by  means 
of  the  narrow  slit ;  but  if,  on  the  contrary,  the  forms 
of  the  prominences  are  to  be  observed,  the  small 
direct  image  of  the  sun  formed  in  the  principal 
focus  of  the  object-glass  is  made  use  of,  and  a 
wider  slit  is  employed. 

When,  as  in  Secchi's  equatorial,  the  direct  image 
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of  the  sun  is  about     inch  in  diameter,  and  the  slit 

2  ' 

of  the  spectroscope  can  be  opened  about  of  an 
inch,  the  whole  of  a  prominence  may  be  seen  at 
once  if  not  exceeding  40"  or  50"  (18,000  or  22,000 
miles).  Prominences  exceeding  that  height  must 
be  observed  piecemeal.  Under  such  circumstances, 
with  a  wide  slit  radially  placed,  it  is  not  easy  to 
observe  in  the  small  image  of  the  sun  the  thickness 
of  the  chromosphere,  even  supposing  it  to  extend  to 
some  distance,  while  in  the  magnified  image  it  may 
readily  both  be  seen  and  measured. 

If  the  widened  slit  be  placed  tangentially ^  that  is 
to  say  in  a  direction  parallel  to  the  sun's  limb,  the 
stratum  of  the  chromosphere  appears  as  a  very 
bright  red  band ;  upon  this  line  are  seen  small 
elevations  of  a  form  resembling  such  flames  as  are 
to  be  seen  in  the  fields  of  an  evening  at  harvest-time 
when  the  stubble  is  being  burnt.  The  prominences 
are  to  be  distinguished  from  the  rest  of  the  chromo- 
sphere by  their  more  vivid  light,  and  in  general  by 
their  rising  to  a  much  greater  elevation. 

When  the  spectrum  of  the  earth's  atmosphere  has 
disappeared  in  consequence  of  the  powerful  disper- 
sion of  the  light,  and  the  portion  of  the  prominence 
then  in  the  field  of  view  alone  is  visible  through  the 
widely  opened  slit,  the  telescope  or  slit  is  moved 
slowly  forward,  and  luminous  images  of  the  most 
wonderful  forms  flit  before  the  eye,  being  just  as 
easily  observed  as  during  a  total  solar  eclipse.  In 
describing  some  of  these  shadow  forms  Lockyer 
writes:  '*  Here  one  is  reminded  by  the  fleecy,  infi- 
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nitely  delicate  cloud-films,  of  an  English  hedgerow 
with  luxuriant  elms  ;  here  of  a  densely  intertwined 


Lockyer's  Observation  of  various  Prominences. 


tropical  forest,  the  intimately  interwoven  branches 


432 


SPECTR  UM  A  NA L  YSIS. 


threading  in  all  directions,  the  prominences  gene- 
rally expanding  as  they  mount  upwards,  and 
changing  slowly,  indeed  almost  imperceptibly.  .  .  . 
As  a  rule,  the  attachment  to  the  chromosphere  is 
narrow,  and  is  not  often  single;  higher  up,  the  stems, 
so  to  speak,  intertwine,  and  the  prominence  expands 
and  soars  upward  until  it  is  lost  in  delicate  filaments, 
which  are  carried  away  in  floating  masses." 

The  various  forms  of  the  prominences  may  be 
classified  generally  into  two  characteristic  groups, 
very  aptly  designated  by  Zollner  as  vaporous  or  cloud- 
like forms,  and  eritptive  forms. 

Through  a  small  telescope  the  details  of  the  out- 
line and  internal  configuration  of  these  forms  are 
less  clearly  visible.  Some  of  these  are  represented 
in  Fig.  150,  Nos.  i  to  13,  as  they  were  seen  by 
Lockyer  through  his  telescope,  when  they  appeared 
as  prolongations  of  the  C-line  of  the  solar  spectrum 
in  the  form  of  red  flames.  The  upper  part  is  the 
spectrum  of  the  sky  immediately  surrounding  the 
sun,  reduced  to  the  verge  of  visibility  by  the  great 
dispersive  power  of  the  spectroscope;  upon  this  first 
appeared  the  red  line  H  a,  which  on  widening  the 
slit  assumed  the  form  of  the  prominence  visible  at 
that  spot,  represented  in  the  drawings  as  white 
upon  a  black  background.  In  some  cases  (No.  2) 
the  prominence  was  seen  to  extend  downwards  along 
the  C-line,  in  others  the  C-line  appeared  waved  (4), 
or  interrupted  (11),  and  sometimes  terminated  in  a 
lozenge-shaped  light  of  a  red  colour ;  in  No.  3  the 
dark  F-line  also  appeared  waved,  and  the  small 
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flame  above  it  was  of  the  greenish-blue  colour 
peculiar  to  that  part  of  the  spectrum. 

Professor  C.  A.  Young-,  of  Dartmouth  College, 
Hanover,  in  the  United  States,  has  devoted  himself 
especially  to  the  observation  of  the  forms  and  vari- 
ability of  the  prominences.  In  Fig.  151,  Nos.  i  to  8, 
are  represented  some  of  these  characteristic  forms 
according  to  the  drawings  prepared  by  Young.  The 
observations  were  made  earlv  in  the  afternoon,  on 
various  days  between  the  ist  of  October  and  the 
4th  of  November,  1 869.  The  annexed  table  contains 
particulars  of  their  size  and  position. 


No. 

Position 
Angle. 

Breadth. 

Height. 

Remarks. 

I 

230° 

—  68° 

45" 

Very  brilliant. 

2 

267° 

-31° 

60" 

Bright  and  in  two  parts. 

3 

270° 

—  28° 

30" 

Faintly  luminous,  in  forai  resembling 
a  mushroom. 

4 

335° 
150° 

+  37° 

55" 

Bright,  cloud-like. 

5 

—  32' 

An  isolated  cloud  25"  above  the  sun's 
limb  ;  20"  in  diameter. 

6 

350° 
260° 

+  63° 
-35° 

35" 

Bright  ;  a  low  flat  arch. 

7 

20" 

A  small  horn  rising  from  a  depression 
in  the  chromosphere  in  the  neigh- 
bourhood of  a  spot. 

8 

345* 

+  50° 

65" 

A  gigantic  pyramid  of  cloud  with 
active  internal  motion. 

On  the  17th  of  September,  1869,  an  extended 
chain  of  prominences  was  seen  by  the  same  ob- 
server between  -f-  80°  and  +110°  position  angle,  a 
representation  of  which  is  given  in  Fig.  152.  These 
enormous  masses  of  flaming  gas  extended  along  the 
sun's  limb  for  a  distance  of  nearly  224,000  miles, 
and  attained  a  height  of  50",  or  23,000  miles:  the 
points  of  greatest  brilliancy  were  at  a  and  b. 

28 
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Slight  changes  in  the  form  of  the  prominences 
may  be  watched  almost  without  intermission  with 
an  open  slit ;  great  changes  as  a  rule  take  place  only 
very  slowly,  or  quite  imperceptibly.  In  some  cases, 
however,  the  change  in  the  form  of  a  prominence 

Fig.  151. 


1 
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6     .  .  : 

Young's  Observations  of  various  Prominences. 

is  so  extraordinary  and  occurs  with  such  rapidity 
that  it  can  only  be  ascribed  to  extremely  violent 
agitation  in  the  upper  portions  of  the  solar  atmo- 
sphere, compared  with  which  the  cyclonic  storms 
occasionally  agitating  the  earth's  atmosphere  sink 
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into  insignificance.  The  observation  of  such  a  solar 
storm  has  been  thus  described  by  Lockyer  : — 
"  On  the  14th  of  March,  1869,  about  9  h.  45  m., 


Young's  Observation  of  a  Chain  of  Prominences. 


with  a  slit  tangential  to  the  sun's  limb  instead  of 


Solar  Storm  observed  by  Lockyer  on  the  14th  March,  1869.    (Picture  i.) 

radial,  which  was  its  usual  position,  I  observed  a 
fine  dense  prominence  near  the  sun's  equator,  on 

28  A 
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the  eastern  limb,  in  which  intense  action  was  evi- 
dently taking  place.  At  loh.  50m.,  when  the  action 
was  slackening,  I  opened  the  slit ;  I  saw  at  once 
that  the  dense  appearance  had  all  disappeared,  and 
cloud-like  filaments  had  taken  its  place.  The  first 
sketch,  Fig.  153,  embracing  an  irregular  prominence 
with  a  long  perfectly  straight  one,  was  finished  at 


Fia.  T54. 


Storm  observed  by  Lockyer  on  the  I4tli  March,  1869.    (Picture  2.) 

iih.  5m.,  the  height  of  the  prominence  being  i'5", 
or  about  27,000  miles.  I  left  the  Observatory  for  a 
few  minutes,  and  on  returning,  at  iih.  15m.,  I  was 
astonished  to  find  that  part  of  the  straight  pro- 
minence had  entirely  disappeared ;  not  even  the 
slightest  rack  appeared  in  its  place  :  whether  it  was 
entirely  dissipated  or  whether  parts  of  it  had  been 
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wafted  towards  the  other  part,  I  do  not  know,  al- 
though I  think  the  latter  explanation  the  more 
probable  one,  as  the  other  part  had  increased,  which 
is  to  be  seen  clearly  in  the  second  sketch  that  was 
taken.  Fig.  154." 

The  four  drawings  given  in  Fig.  155  were  made 
from  one  and  the  same  brilliant  prominence  observed 
by  Professor  Young  on  the  7th  of  October,  1869. 


Fig.  155. 


Changes  in  the  Form  of  a  Prominence. 


Its  place  was  estimated  at  125°  (position  angle),  its 
breadth  was  -  7°,  and  its  height  measured  75".  The 
changes  in  its  form  took  place  with  extraordinary 
rapidity;  the  four  drawings  were  made  at  the  fol- 
lowing epochs,  2h.  20m.,  2h.  35m.,  2h.  55m.,  and 
3h.  30m.  A  nearly  horizontal  movement  of  the 
various  masses  of  cloud  was  perceptible  in  the 
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interior  of  the  prominence :  the  form  of  No.  2 
resembles  the  large  prominence  called  "the  eagle," 
which  was  observed  at  the  total  eclipse  of  the  7th  of 
August,  1869  {vide  Plate  VIII.),  in  the  interior  of 
which  the  original  photographs  clearly  show  an  ed- 
dying motion  in  the  lower  part,  while  the  upper  part 
exhibited  a  centrifugal  movement  by  which  the  gas 
was  whirled  off  horizontally. 

In  Plates  XI.  and  XII.  two  prominences  are 
represented,  in  their  natural  colours,  as  seen  in  a 
large  telescope  when  the  slit  of  the  spectroscope 
was  opened  wide  and  directed  on  to  the  red  C-line 
(H  a).  They  are  characteristic  of  the  two  classes, 
the  eruptive  and  the  jiebiUous  class,  and  serve  to 
illustrate  the  remarkable  changes  of  these  forms. 
The  prominence  given  in  Plate  XL,  Nos.  i  and  2, 
was  observed  and  drawn  by  Professor  Zollner,  and 
is  of  an  eruptive  form,  with  a  decided  rotator}^  move- 
ment;  the  prominence  represented  in  Plate  XII., 
Nos.  3  and  4,  is  one  observed  by  Professor  Young, 
and  is  of  a  cloud-like  character.  By  means  of  the 
accompanying  scale*  their  height  can  be  easily 
ascertained. 

As  the  meteorologist  registers  man}'  times  in  a 
day  the  conditions  of  our  atmosphere  in  the  hope 
that  a  comparison  of  the  observations  may  lead  to 
a  discovery  of  the  law  governing  these  changes, 
so  has  Respighi,  Director  of  the  University  Obser- 
vatory at  the  Campidoglio  at  Rome,  made  it  his  daily 

*  The  same  scale  of  60,000  miles  is  given  in  both  Plates  XI. 
and  XII. 
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task  since  October  1869  to  observe  the  entire  limb 
of  the  sun  when  the  weather  was  favourable,  in- 
cluding the  chromosphere  and  prominences,  and  to 
mark  upon  a  straight  line  representing  the  circum- 
ference of  the  sun  the  position,  height,  and  form  of 
the  prominences  for  each  day.  By  collating  these 
lines  or  circumferences  of  the  sun  one  below  the 
other,  and  crossing  them  with  lines  indicating  the 
principal  positions,  a  comprehensive  picture  is  af- 
forded of  the  distribution  of  the  prominences  round 
the  sun's  limb,  which  shows  at  a  glance  those 
regions  in  which  the  prominences  abound  and  those 
in  which  they  are  least  frequently  to  be  met  with. 

The  instrument  employed  by  Respighi  is  an  equa- 
torial telescope  by  Merz,  of  4*4  inches  aperture, 
with  a  direct-vision  spectroscope  of  great  dispersive 
power,  constructed  on  Hofmann's  principle  ;  at  each 
observation  the  slit  is  placed  in  a  direction  tangen- 
tial to  the  sun's  limb,  and  beginning  at  the  north 
point  is  carried  round  the  sun,  its  place  at  the  various 
points  of  observation  being  read  off  on  the  position 
circle  of  the  telescope.  At  each  adjustment  of  the 
slit  about  20°  of  the  circumference  could  be  examined, 
so  that  sixteen  adjustments  sufficed  to  survey  the  en- 
tire limb  of  the  sun.  The  presence  of  a  prominence 
was  revealed  in  the  manner  previously  described  by 
the  red  C-line  (H  «)  being  seen  to  extend  to  a  greater 
or  less  distance  beyond  the  chromosphere  when  the 
narrow  slit  was  removed  somewhat  from  the  sun's 
limb.  In  order  to  observe  the  form  of  the  pro- 
minence the  slit  was  widened  to  the  full  height  of 
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this  line.     When  this  height  exceeded  i'  the  ob- 
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Re.spighi's  Observations  of  the  Proniinences  round  the  entire  Limb  of  the  Sun. 

servation  was  made  in  parts  from  the  sun's  limb 
outwards,  since  by  a  wider  opening  of  the  slit  the 
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light  became  too  brilliant.  By  this  method  Respighi 
sketched  in  detail  the  whole  circumference  of  the 
chromosphere  point  by  point,  and  it  will  be  seen 
from  Fig.  156,  which  is  an  exact  copy  on  a  reduced 
scale  of  one  of  his  original  maps,  how  the  aspects  of 
the  prominences,  their  distribution  on  the  sun's  limb, 
and  their  forms  and  heights  during  the  space  of  a 
month  may  be  viewed  at  a  glance.  The  prominences 
are  represented  in  the  drawing  twice  the  size  they 
really  appear;  in  the  lines  (days)  marked  with  an 
asterisk  the  observations  are  not  trustworthy  owing 
to  the  prevalence  of  fog.  By  a  comparison  of  the 
maps  already  constructed  Respighi  has  arrived  at 
the  following  results  : — 

1.  In  the  polar  regions  prominences  occur  only 
exceptionally.  The  district  from  which  they  are 
absent  lies  between  north  and  north-east  on  the 
one  side,  and  south  and  south-west  on  the  other; 
the  portion  which  is  almost  entirely  without  promi- 
nences has  a  semi-diameter  of  22-°. 

2.  The  district  where  the  prominences  most  fre- 
quently occur  lies  between  north  and  north-west, 
at  about  45°  north  latitude,  in  a  region  where  solar 
spots  are  rarely  seen. 

3.  The  prominences  are,  therefore,  phenomena 
quite  distinct  from  the  spots;  they  are  probably 
more  intimately  connected  with  the  formation  of 
facitlcE  (p.  270),  an  hypothesis  supported  by  the  ob- 
servations of  both  Oilman  and  Lockyer. 

4.  The  various  forms  of  the  prominences  show  that 
they  are  not  of  the  nature  of  clouds,  which  float  in 
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an  atmosphere  in  which  they  are  produced  by  local 
condensations;  they  are  much  more  like  eruptions 
out  of  the  chromosphere,  which  often  spread  out  of 
the  higher  regions,  and  take  the  form  of  bouquets 
of  flowers,  some  being  bent  over  on  one  side  and 
some  on  the  other,  and  which  fall  again  on  to  the 
surface  of  the  chromosphere  as  rapidly  as  they  rose 
from  it. 

5.  It  appears  that  eruptions  of  hydrogen  take  place 
from  the  interior  of  the  sun ;  their  form  and  the 
extreme  rapidity  of  their  motion  necessitates  the 
hypothesis  of  a  repulsive  power  at  work  either  at  the 
surface  or  in  the  mass  of  the  sun,  which  Respighi 
attributes  to  electricity,  but  Faye  simply  to  the 
action  of  the  intense  heat  of  the  photosphere. 

.On  the  28th  of  September,  1870,  Professor  Young 
succeeded  for  the  first  time  in  photographing  the 
prominences  on  the  sun's  limb  in  bright  sunshine. 
This  he  effected  by  bringing  the  blue  hydrogen  line 
H  Y  near  G  into  the  middle  of  the  field  of  the  spec- 
troscope, and  placing  a  small  photographic  camera 
in  connection  with  the  eyepiece  of  the  telescope. 
As  the  chemicals  employed  were  those  ordinarily 
used  in  taking  portraits,  the  requisite  time  of  expo- 
sure was  3^  minutes,  during  which  time  the  image 
of' the  prominence  suffered  a  slight  displacement 
on  the  prepared  plate  owing  to  a  want  of  accuracy 
in  the  perfect  adjustment  of  the  polar  axis.  Still, 
however,  the  various  forms  of  the  prominences  could 
be  clearly  discerned  in  the  photograph,  which  was 
half  an  inch  in  diameter,  so  that  the  possibility  of 
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photographing  the  prominences  has  been  proved  by 
Young's  experiment. 

[The  translators  have  inserted  in  Plate  XIII.,  by 
the  kind  permission  of  Professor  Respighi,  a  repro- 
duction in  colour  of  some  of  the  more  remarkable 
forms  of  the  prominences  as  given  in  his  memoir 
"  Sulle  Osservazioni  spettroscopiche  del  bordo  e 
delle  protuberanze  solari,  etc.    Nota  III.  Roma 

1871."] 

58.  Measuremext  of  the  Direction  and  Speed 
OF  THE  Gas-streams  in  the  Sun. 

One  of  the  most  glorious  triumphs  of  spectrum 
analysis — surpassing  perhaps  in  splendour  all  its 
other  wonderful  achievements — is  the  discovery  that 
by  means  of  accurate  measurements,  undertaken 
with  the  best  instruments,  of  the  position  or  rather 
of  the  small  displacement  in  the  position  of  the 
spectrum  lines  of  a  star  or  other  source  of  light,  a 
prominence  for  instance,  it  is  possible  to  ascertain 
whether  this  luminous  body  be  approaching  us  or 
receding  from  us,  and  at  what  speed  it  is  travelling. 

The  principle  on  which  investigations  of  this  kind 
are  founded  was  suggested  by  Doppler  in  1842,* 
who  sought  to  explain  the  periodic  change  of  colour 

*  [That  Doppler  was  not  correct  in  making  this  appHcation  of  his 
theory  is  obvious  from  the  consideration  that  even  if  a  star  could 
be  conceived  to  be  moving  with  a  velocity  sufficient  to  alter  its 
colour  sensibly  to  the  eye,  still  no  change  of  colour  would  be  per- 
ceived, for  the  reason  that  beyond  the  visible  spectrum,  at  both 
extremities,  there  exists  a  store  of  invisible  waves,  which  would 
be  at  the  same  time  exalted  or  degraded  into  visibility,  to  take  the 
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in  variable  stars  by  assuming  their  motion  to  bear 
some  comparison  with  that  of  light,  and  therefore 
that  the  number  of  ether  waves  striking  the  eye  in 
a  second  would  be  greater  if  the  star  were  ap- 
proaching us,  and  smaller  if  it  were  receding  from 
us  than  if  it  were  at  rest.  Now  as  violet  light  pro- 
duces the  greatest  number  of  vibrations  in  a  second, 
and  red  light  the  fewest  vibrations,  it  follows  that  if 
the  star  be  approaching,  its  light  will  be  displaced 
in  the  direction  of  the  violet,  and  in  the  direction  of 
the  red  if  the  star  be  receding  from  us. 

The  pitch  of  a  musical  tone  depends,  as  is  well 
known,  upon  the  number  of  impulses  which  the  ear 
receives  from  the  air  in  a  given  time  (p.  59).  Now 
as  a  tone  rises  in  pitch  the  greater  the  number 
of  air-vibrations  which  strike  the  tympanum  in  a 
second,  so  must  a  sound  ascend  in  tone  if  we  rapidly 
approach  it,  and  fall  in  pitch  if  we  recede  from  it. 
The  truth  of  this  supposition  may  be  fuUy  proved 
by  the  whistle  of  a  railway  engine  in  rapid  motion. 
To  an  observer  standing  still,  the  pitch  of  the  tone 
rises  on  the  rapid  approach  of  the  locomotive, 
although  the  same  note  is  sounded,  and  falls  again 
as  the  engine  travels  away. 

As  the  various  tones  of  sound  depend  on  the 
rapidity  of  the  air-vibrations,  so  the  varieties  of 

place  of  waves  which  had  been  raised  or  lowered  in  refrangibility 
by  the  star's  motion.  No  change  of  colour  in  the  star  could  take 
place  until  the  whole  of  those  invisible  waves  of  force  had  been 
expended,  which  would  only  be  the  case  when  the  relative  motion 
of  the  star  and  the  observer  was  several  times  greater  than  that  of 
light.] 
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colour  are  regulated  by  the  number  of  ether  vibra- 
tions (p.  63).  If  therefore  a  luminous  object,  as  for 
instance  the  glowing  hydrogen  of  a  prominence,  be 
receding  rapidly  from  us,  fewer  waves  of  ether  will 
strike  the  optic  nerve  in  a  second  than  if  it  were 
stationary.  If  the  difference  in  the  number  of  ether 
waves  be  sufficiently  great  to  be  perceived  by  the 
eye,  then  each  colour  of  the  glowing  gas  must  sink 
in  the  scale  of  the  spectrum, — that  is  to  say,  incline 
more  towards  the  red.  The  individual  coloured 
rays  will  not  then  in  the  prismatic  decomposition  of 
the  light  occur  in  the  same  place  of  the  spectrum 
in  which  they  would  have  appeared  had  the  light 
been  stationary;  they  will  all  be  displaced  somewhat 
towards  the  j^ed. 

The  converse  takes  place  when  the  luminous 
body  is  rapidly  approaching  us:  the  number  of  ether 
vibrations  received  by  the  eye  is  then  increased 
beyond  what  it  would  be  if  the  source  of  light  were 
stationary;  in  the  prismatic  analysis  of  the  light  the 
coloured  rays  will  be  found  likewise  to  have  changed 
their  place  in  the  scale  of  the  spectrum,  and  taken 
a  position  in  accordance  with  their  increased  refran- 
gibility,  suffering  a  general  displacement  towards 
the  violet. 

When  it  is  remembered  that  the  number  of  ether 
waves  in  red  light  is  at  least  480  billion  and  in  violet 
800  billion  in  a  second,  and  that  moreover  the  wave 
length  of  the  greenish-blue  light  (H/3),  situated  at 
the  spot  marked  F  in  the  solar  spectrum,  is  only  485 
millionth  (more  precisely  0*00048505)  of  a  millimetre, 
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and  that  instruments  of  sufficient  delicacy  to  mea- 
sure  these  minute  quantities  are  required  for  this 
purpose,  there  will  be  little  danger  of  under- 
estimating the  extreme  difficulty  connected  with 
observations  of  this  displacement  in  the  colours  of 
the  spectrum.  Indeed,  these  observations  would 
scarcely  be  possible  were  it  not  that  in  the  dark 
lines  crossing  the  spectra  of  the  sun  and  fixed  stars, 
the  places  of  some  of  which  may  be  accurately 
ascertained,  we  have  fixed  positions  in  the  spectrum 
the  degree  of  refrangibility  or  wave-length  of  which 
may  be  determined  beforehand  both  for  the  sun  and 
terrestrial  substances,  and  also  for  the  stars  or  other 
sources  of  light  supposed  to  be  at  rest. 

AVe  shall  presently  see  how  Secchi  and  Huggins 
have  availed  themselves  of  this  principle  to  deter- 
mine the  rate  at  which  a  fixed  star  is  approaching 
or  receding  from  the  earth. 

Lockyer  made  use  of  the  same  plan  for  measuring 
the  speed  at  which  the  glowing  hydrogen  gas  com- 
posing the  prominences  streams  forth  from  the 
sun's  nucleus,  or  sinks  again  when  the  eruptive 
force  is  exhausted.  The  principle  of  this  method 
rests  on  the  following  considerations. 

The  refrangibility  of  the  greenish-blue  light  (H/3), 
which  with  the  red  (Ha)  and  the  blue  light  (Hy)  is 
emitted  by  glowing  hydrogen  gas  (Frontispiece 
No.  7),  is  determined  by  the  position  of  the  line  F  in 
the  solar  spectrum.  If  any  displacement  be  observed 
in  the  line  F, — that  is  to  say,  a  change  in  the  refran- 
gibility or  wave-length  of  the  greenish-blue  light, — 
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Fig.  157. 


without  7ieighbouring  dark  lines  suffering  any  dis- 
placement at  the  same  time,  it  is  evident  that  the 
cause  of  this  movement  cannot  be  attributed  either 
to  the  motion  of  the  earth  or  to  that  of  the  sun,  but 
is  rather  to  be  ascribed  exclusively  to  the  motion 
of  the  luminous  hydrogen  gas. 

If  the  hydrogen  gas  in  the  sun  were  rapidly 
approaching  us,  the  number  of  its  ether  waves  in  a 
second  must  increase ;  the 
length  of  each  wave  will  be- 
come shorter  and  the  light 
be  inclined  towards  the  vio- 
let, because  that  colour  is 
composed  of  the  shortest 
wave-lengths.  The  ¥-lme 
suffers  then  a  displacement from 
its  usual  position  in  thz  solar 
spectrum  towards  the  violet  end. 
If  the  shortening  of  the  ether 
waves  of  the  greenish-blue 
hydrogen  line  (H  /3)  be  only 
of  a  millimetre,  the 


10,000,000 


Earth 


Direction  and  Speed  of  the  Gas- 
streams  in  the  Sun. 


consequent  displacement  of 
the  F-line  can  be  perceived, 
and  by  this  means  the  mo- 
tion of  the  hydrogen  gas  on  the  sun  be  demonstrated. 

If,  on  the  contrary,  this  gas  be  moving  in  the 
opposite  direction,  and  be  receding  from  us,  the 
number  of  its  ether  waves  in  a  second  will  decrease, 
the  wave-lengths  will  be  augmented,  the  greenish- 
blue  rays  will  approach  the  red,  and  a  displacement  of 
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the  ¥-line  will  be  produced  then  towards  the  red  end 
of  the  spectriun. 

With  regard  to  the  approach  or  recession  of  the 
hydrogen  gas  in  reference  to  an  observer  on  the 
earth,  there  are  two  different  circumstances  to  be 
taken  into  account.  If  the  direction  of  the  arrow  a 
in  Fig.  157  be  supposed  to  denote  a  luminous  stream 
of  gas  rising  from  the  sun  and  approaching  the  earth, 
that  of  the  arrow  n,  on  the  contrary,  to  represent  a 
stream  of  gas  sinking  again  into  the  sun  and 
recedingr  from  the  earth,  the  stream  a  will  cause  a 
displacement  of  the  F-line  towards  the  violet,  and 
the  stream  n  towards  the  red,  providing  the  velocity 
be  sufficiently  great  to  alter  the  wave-length  at  least 

— ^ —  of  a  millimetre.    Tanp-ential  or  side  streams, 

10,000,000 

however,  indicated  by  the  arrows  r  and  /,  will  have 
no  influence  in  displacing  the  F-line ;  they  neither 
approach  nor  recede  from  the  eye,  their  direction 
being  perpendicular  to  the  line  of  sight  L.  If,  there- 
fore, the  telespectroscope  be  directed  to  the  ccjiire 
of  the  sun  in  the  direction  of  the  line  L,  we  shall,  in 
the  event  of  the  displacement  of  the  F-line,  perceive 
only  the  rising  and  falling  gas-streams  a  and  71, 
the  velocity  of  which  can  be  measured,  but  neither 
of  the  lateral  streams  flowing  at  a  tangent  to  the 
sun's  surface. 

But  if  the  instrument  be  directed  to  the  sun's 
limb  at  R,  the  case  is  reversed,  and  the  rising  and 
falling  gas-streams  a^  and  inasmuch  as  they 
neither  approach  the  eye  nor  recede  from  it,  and 
therefore  produce  by  their  motion  no  displacement 
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in  the  F-line,  cannot  be  perceived.  If,  on  the 
contrary,  the  lateral  or  tangential  streams  r,,  be 
travelling  at  this  spot  with  sufficient  rapidity,  the 
stream  i\  will  approach  the  eye  of  the  observer  and 
cause  a  displacement  of  the  F-line  towards  the 
violet,  while  the  stream  receding  from  the  earth, 
will  produce  a  displacement  of  the  same  line  towards 
the  red. 

It  is  evident,  therefore,  that  the  rising  and  falling 
streams  of  hydrogen  gas  are  best  observed  in  the 
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central  part  of  the  sun,  while  the  lateral  streams, 
compared  by  Lockyer  to  circular  storms,  whirlpools, 
or  cyclones,  the  best  observed  on  the  sun's  limb  (R 
or  R,). 

If  it  should  happen  that  the  hydrogen  lines  suffer 

a  simultaneous  displacement  at  both  sides,  or  a 

uniform  increase  in  width,  it  is  obvious  that  the 

inference  of  motion  in  the  luminous  body  must  be 

received  with  caution :  the  cause  of  such  a  widening 

29 
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of  either  the  bright  or  the  dark  lines  must  rather  be 
sought  for  in  an  increase  of  density  or  temperature 
in  the  luminous  gas  (§32).  When,  however,  the 
expansion  of  the  lines  occurs  sometimes  on  one  side 
only,  then  only  on  the  other,  and  again  unequally 
on  both  sides,  this  cannot,  according  to  the  in- 
vestigations of  Lockyer  and  Frankland,  be  ascribed 
to  a  change  in  density,  since  by  an  increase  of 
pressure  the  F-line  of  hydrogen  gas  always  expands 
equally  or  nearly  equally  on  both  sides. 

Fig.  158,  which  is  from  a  drawing  by  Lockyer, 
shows  clearly  what  remarkable  changes  take  place 
in  the  dark  line  F  when  the  spectroscope  is  directed 
to  a  solar  spot  in  the  middle  of  the  sun.  The  dark 
band  passing  through  the  length  of  the  spectrum  is 
occasioned  by  the  general  absorption  and  weakening 
of  the  light  produced  by  the  substance  of  the  spot. 
The  F-line,  which  as  a  rule  is  sharply  defined  at  the 
edges,  appears  in  some  places  not  merely  as  a  bright 
line,  but  as  a  bright  and  dark  line  twisted  together, 
in  which  parts  it  suffers  the  greatest  displacement 
towards  the  red.  When  this  occurs,  there  is  fre- 
quently also  a  bright  line  to  be  seen  on  the  violet 
side.  In  small  solar  spots  this  line  sometimes 
breaks  off  suddenly,  or  spreads  out  immediately 
before  its  termination  in  a  globular  form  ;  over  the 
bright  faculae  of  a  spot  (the  bridges)  the  line  is 
often  altogether  wanting,  or  else  it  is  reversed,  and 
appears  as  a  bright  line  (compare  Fig.  108,  also 
Fig.  143)- 

The  same  phenomena  are  exhibited  also  by  the 
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red  C-line  (Ha),  though  as  the  greenish-blue 
F-line  (H  /3)  is  by  an  equal  increase  of  pressure 
much  more  sensitive  with  regard  to  expansion  than 
the  red  line  is,  and  exhibits  with  greater  distinctness 
the  changes  that  have  been  already  described,  it  is 
better  adapted  to  observations  of  this  kind. 

All  these  expansions,  twistings,  and  displacements 
of  the  F-line  result,  as  we  have  already  learnt  in 
§56,  from  a  change  in  the  wave-length  of  the 
greenish-blue  light  emitted  by  the  moving  masses 
of  incandescent  hydrogen  gas  in  the  sun.  The 
middle  of  this  line  when  it  is  well  defined  cor- 
responds to  a  wave-length  of  485  millionth  of  a 

o 

millimetre,  yet  it  is  possible  by  means  of  Angstrom's 
maps  of  the  solar  spectrum  (Plates  IV.,  V.,  VI.)  to 
measure  a  displacement  of  this  line  when  the  wave- 
length has  only  chanp-ed  as  much  as  — ^ —  of  a  milli- 

o  y  o  10,000,000 

metre,  and,  inversely,  it  is  also  possible  to  read  off 
at  once  by  the  measured  displacement  of  the  F-line 
the  corresponding  amount  which  the  wave-length  of 
the  greenish-blue  hydrogen  light  has  lengthened  or 
shortened  to  ten  millionth  of  a  millimetre.  Were 
the  F-line  to  be  displaced  from  its  normal  place  in 
the  solar  spectrum  to  the  spot  marked  i  (Fig.  158), 
the  wave-lengths  of  the  greenish-blue  hydrogen 

light  would  be  shortened  — ^ —  of  a  millimetre  ;  the 

^  10,000,000  ' 

light  would  therefore  be  approaching  the  eye  of  the 
observer,  and  an  eruption  of  gas  be  ascending  at  the 
spot  (Fig.  157,  ^?)  observed  in  the  middle  of  the  sun. 
It  is  easy  to  calculate  that  such  a  displacement  of 
the  F-line  from  its  normal  centre  to  the  spot  marked 

29  A 
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I  denotes  a  rate  of  motion  in  the  glowing  gas  of 
thirty-six  miles  in  a  second. 

If  the  F-line  were  to  suffer  an  equal  displacement 
to  the  left,  that  is  to  say  towards  the  red,  the  wave- 
length of  the  greenish-blue  hydrogen  light  would 
then  be  lengthened  ;  the  gas  would  therefore  be 
moving  away  from  the  earth  at  the  same  rate  of  36 
miles  in  a  second,  and  the  stream  of  gas  be  sinking 
down  to  the  surface  of  the  sun,  as  indicated  by  the 
arrow  n  in  Fig.  157. 

A  displacement  of  the  F-line  from  its  normal 
centre  to  the  places  marked  2  and  3  in  Fig.  158, 
either  towards  the  violet  or  the  red,  would  justify 
the  conclusion  that  the  hydrogen  gas  was  rising 
from  the  sun  or  sinking,  back  to  it  again  at  a  speed 
of  72  and  144  miles  respectively  in  a  second.  From 
the  changes  actually  observed  in  the  wave-length  of 
the  greenish-blue  hydrogen  light,  or  from  the  mea- 
sured displacements  of  the  F-line,  whether  bright  or 
dark,  it  appears  that  the  speed  of  the  gas-streams 
is  usually  about  18  miles  in  a  second. 

The  observation  of  the  lateral  movements  must 
be  made  on  the  bright  lines  of  the  chromosphere  at 
the  sun's  limb  either  at  R  or  R,.  The  speed  of  the 
hydrogen  gas  is  in  this  case  much  greater,  whether 
it  be  approaching  the  earth  as  at  i\  near  R,  or  at  2 
near  R,  (Fig.  157),  or  whether  it  be  receding  from 
the  earth  as  at  7/,  near  R,  and  at  4  near  R,.  The 
changes  in  the  wave-lengths  of  the  greenish-blue 
hydrogen  light  occurring  at  these  places  are  not 
caused  by  the  rising  and  falling  of  the  streams  of 
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gas  a,,  n,,  and  i,  3,  but  by  the  lateral  motion  of 
the  streams  r„  and  2,  4,  and  they  are  evident 
indications  that  the  glowing  hydrogen  is  in  a  state 
of  rotatory  or  cyclonic  movement. 

It  must  again  be  remarked  that  even  with  the 
narrowest  setting  of  the  slit,  when  the  opening  is 

not  wider  than  -  of  an  inch,  a  considerable  portion 

500 

of  the  sun's  surface  is  still  visible  ;  in  Lockyer's  tele- 
scope the  field  of  view,  even  with  this  exceedingly 
narrow  slit,  embraces  a  portion  of  the  sun's  surface 
about  1,800  miles  in  extent,  and  in  Secchi's  tele- 
scope the  slit  when  fully  open  covers  a  space  of 
from  20,000  to  24,000  miles. 

If,  therefore,  a  vortex  of  glowing  hydrogen  gas 
extending  over  a  space  of  900  or  i  ,000  miles  be  in 
rapid  revolution  in  the  neighbourhood  of  the  sun's 
limb,  the  whole  of  it  may  be  observed  with  even  the 
narrowest  opening  of  the  slit;  in  the  telespectro- 
scope  the  ether  waves  which  are  approaching  the 
earth  may  be  distinguished  at  once  from  those 
which  are  receding  from  it,  and  the  motion  detected 
by  a  corresponding  displacement  of  the  F-line. 
Such  a  gas-cyclone  (Fig.  157,  i,  2,  3,  4)  has  been 
observed  by  Lockyer.  When  the  slit  was  directed 
to  the  middle  of  the  storm,  there  was  an  equal  expan- 
sion of  the  F-line  both  towards  the  red  and  the 
violet,  which  indicated  the  velocity  of  the  stream  of 
gas  to  be  rather  more  than  36  miles  in  a  second. 
When  the  slit  was  moved  first  to  one  end  of  the 
vortex  and  then  to  the  other  (Fig.  157,  2,  4)  it  was 
evident  that  the  ether  waves  were  at  one  place  ap- 
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preaching  and  at  the  other  receding  from  the  earth, 
for  in  each  case  the  displacement  of  the  F-line  oc- 
curred only  on  one  side.  Where  the  displacement 
was  towards  the  red,  a  lengthening  of  the  ether  waves 
had  taken  place,  and  consequently  the  stream  of  gas 
(Fig.  157,  4)  was  receding  from  the  earth;  the  dis- 
placement or  expansion  of  the  F-line  towards  the 
violet  only,  proved,  on  the  contrary,  a  shortening  of 
the  ether  waves  and  the  approach  of  the  stream  of 
gas  (2)  towards  the  earth. 


Fig.  159. 


I  2  3 

Movement  of  a  Gas-vortex  in  the  Sun. 


Fig.  159  shows  such  a  circular  storm  or  cyclone 
observed  by  Lockyer  on  the  sun's  limb  on  the  14th 
of  March,  1869.  With  the  first  setting  of  the  slit 
the  image  of  the  bright  F-line  (H  /3)  in  the  chromo- 
sphere appeared  in  the  spectroscope,  as  in  No.  i  ; 
a  slight  alteration  of  the  slit  gave  in  succession  the 
pictures  2  and  3.  There  occurred  also  a  simul- 
taneous displacement  of  the  bright  F-line  towards 
both  the  red  and  violet— a  sign  that  at  that  place  on 
the  sun  a  portion  of  the  hydrogen  gas  was  moving 
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towards  the  earth,  while  another  portion  was  going 
in  an  opposite  direction  away  from  the  earth  towards 
the  sun,  and  thus  the  whole  action  of  the  gas  in 
motion  resembled  that  of  a  whirlwind. 

In  Fig.  1 60  are  given  three  different  pictures  of 
the  same  greenish-blue  F-line  of  a  prominence 
which  Lockyer  observed  near  the  middle  of  the  sun 
on  the  1 2th  of  May,  1869,  together  with  the  dark 
F-line  of  the  faint  solar  spectrum.  In  all  these 
drawings  the  pointed  bright   line  coinciding  in 


Fig.  160. 
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Uaequal  Displacement  of  the  greenish-blue  Hydrogen  line  (H  ^). 

direction  with  the  dark  F-line  indicates  that  portion 
of  the  prominence  or  chromosphere  which  was  at 
rest ;  these  lines  showed  unequivocally  that  the 
greenish-blue  light  of  the  glowing  hydrogen  had 
undergone  no  change  in  its  wave-length,  and 
therefore  that  the  gas  was  not  in  motion  either 
towards  or  away  from  the  earth.  The  bright  lines 
diverging  from  these  normal  lines  to  the  riorht  or 
towards  the  violet  indicate  those  portions  of  the 
prominences  that  were  in  motion  towards  the  earth 
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with  very  varying  velocities.  The  greenish-blue 
line  of  the  hydrogen  gas,  for  instance,  manifestly 
underwent  a  very  unequal  displacement  in  the 
spectroscope ;  the  lower  portions  lying  close  to  the 
dark  F-line  showed  a  smaller  displacement  and 
therefore  a  smaller  change  (shortening)' of  the  wave- 
length than  did  the  upper  portions — an  indication 
that  the  incandescent  hydrogen  gas  was  moving 
from  the  sun  towards  the  eye  of  the  observer  with  a 
velocity  greater  in  the  higher  and  less  dense  regions 
of  the  solar  atmosphere  than  in  the  lower  strata. 

By  means  of  the  distances  from  the  normal  dark 
F-line  which  are  taken  from  Angstrom's  maps  and 
marked  by  dots,  it  is  easy  to  recognize  the  individual 
displacements  to  which  the  greenish-blue  hydrogen 
line  is  subject  in  consequence,  of  motion,  and  to 
estimate  from  them  the  velocity  of  the  movements 
of  the  gas.  Lockyer  found  that  the  furthest  dis- 
placement of  the  bright  F-line  corresponded  to  a 
shortening  of  the  wave  length  that  indicated  a 
velocity  in  the  stream  of  gas  of  at  least  147  miles  in 
a  second  in  the  direction  from  the  sun  towards  the 
earth. 

These  spectroscopic  observations  receive  an  ad- 
ditional interest  when  taken  in  connection  with  those 
made  with  the  telescope.  On  the  2  ist  of  April,  1 869, 
Lockyer  observed  a  spot  in  the  neighbourhood  of 
the  sun's  limb.  At  yh.  30m.  a  prominence  showing 
great  activity  appeared  in  the  field  of  view.  The 
lines  of  hvdrosren  were  remarkablv  brilliant,  and 
as  the  spectrum  of  the  spot  was  visible  in  the  same 
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field,  it  could  be  seen  that  the  prominence  was 
advancing  towards  the  spot.  The  violence  of  the 
eruption  was  so  great  as  to  carry  up  a  quantity 
of  metallic  vapours  out  of  the  photosphere  in  a 
manner  not  previously  observed.  High  up  in  the 
flame  of  hydrogen  floated  a  cloud  of  magnesium 
vapour.  At  8h.  30m.  the  eruption  was  over;  but 
an  hour  later  another  eruption  began,  and  the  new 
prominence  displayed  a  motion  of  extreme  rapidity. 
Whilst  this  was  taking  place,  the  hydrogen  lines 
at  the  side  of  the  spot  nearest  to  the  earth  were 
suddenly  changed  into  bright  lines,  and  expanded 
so  remarkably  as  to  give  undoubted  evidence  of  the 
occurrence  of  a  cyclonic  storm. 

The  sun  was  photographed  at  Kew  on  the  same 
day  at  loh.  55m.  ;  the  picture  showed  clearly  that 
great  disturbances  had  taken  place  in  the  photo- 
sphere in  the  neighbourhood  of  the  spot  observed 
by  Lockyer.  In  a  second  photograph,  taken  at 
4h.  im.,  the  sun's  limb  appeared  as  if  torn  away 
just  at  the  place  where  the  spectroscope  had  re- 
vealed a  rotatory  storm. 

It  occurred  to  both  Secchi  and  Zollner  that 
from  the  unequal  displacement  of  the  C-line  when 
observed  at  the  two  opposite  points  of  the  sun's 
equator,  the  speed  of  the  sun's  rotation  might  be 
ascertained.  As  a  point  on  the  surface  of  the  sun 
turned  towards  the  earth  moves  in  the  direction 
from  east  to  west,  so  a  point  on  the  sun's  eastern 
limb  must  be  approaching  an  observer  stationed  on 
the  earth,  while  a  point  on  the  western  limb  must 
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be  receding  from  him.  The  points  upon  the  sun's 
equator  would  have  the  greatest  velocity,  amount- 
ing to  as  much  as  1*92  kilometre  in  a  second.  If  a 
spectrum  line,  as  for  instance  the  C-line,  be  observed 
on  the  eastern  limb  of  the  sun  which  is  approac/iiiig 
the  observer,  it  will  in  comparison  with  its  position 
when  viewed  at  the  pole  of  the  sun's  axis,  or  even 
in  the  centre  of  the  sun,  appear  to  be  displaced 
towards  the  violet;  while,  on  the  contrar}^  the 
same  line  observed  on  the  western  limb  of  the  sun 
where  it  is  receding  from  the  earth  would  be  seen 
to  suffer  a  displacement  towards  the  red.  SecchI 
thinks  he  has  observed  similar  displacements  in  the 
red  H  a- line  of  the  chromosphere  when  compared 
with  the  constant  dark  C-line  in  the  spectrum  of  the 
atmosphere  visible  at  the  same  time.  This  bright 
line  when  viewed  on  the  advancing  limb  in  the 
sun's  equator  was  seen  pushed  towards  the  violet, 
leaving  behind  it  a  narrow  strip  of  the  dark  C-line 
visible  on  the  side  nearest  the  red ;  when  examined 
on  the  receding  limb,  the  line  was  pushed  towards 
the  red,  leaving  behind  it  a  narrow  strip  of  the 
C-line  visible  on  the  side  nearest  the  violet. 

Although,  owing  to  improvements  introduced  by 
Fizeau,  instruments  are  constructed  of  sufficient 
delicacy  to  measure  such  a  displacement  even  when 
it  does  not  exceed  0*0075  of  the  interval  between 
the  two  D-lines,  and  a  ver}^  ingenious  contrivance 
(a  reversion  spectroscope)  has  been  specially  devised 
by  ZoUner  by  which  this  small  amount  may  be 
reduced  one-half,  yet  observations  and  measure- 
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ments  of  this  kind  must  be  received  with  great 
caution.  The  observations  of  Secchi,  as  far  as  they 
relate  to  the  displacement  of  the  line,  are  doubtless 
correct,  but  it  is  premature  to  ascribe  this  dis- 
placement to  the  rotation  of  the  sun.  Not  merely 
because  displacements  of  the  bright  lines  are  seen 
at  all  times  and  at  all  points  on  the  sun's  surface, 
wherever  prominences  exist,  sometimes  to  one  side 
of  the  spectrum  and  sometimes  to  the  other,  and 
that  often  on  the  eastern  limb  of  the  sun's  equator 
the  red  C-line  is  seen  to  be  displaced  towards  the 
red  instead  of  the  violet,  and  the  reverse  observed 
on  the  western  limb  of  the  sun,  but  also  because 
the  dark  lines  of  the  spectrum  ought  to  suffer  an 
equal  displacement  if  the  cause  lay  in  the  revolution 
of  the  sun  upon  its  axis.  It  must  therefore  be  con- 
cluded that,  at  least  in  the  instances  adduced  by 
Secchi,  the  observed  displacement  of  the  red  line  in 
the  spectrum  of  the  prominence  was  in  no  way  due 
to  the  rotation  of  the  sun. 

59.  Spectrum  Analysis  of  the  Heavenly  Bodies. 
Stellar  Spectroscopes. 

The  investigation  of  the  spectra  of  the  planets 
and  fixed  stars  commenced  by  Fraunhofer  has  since 
been  carried  on  at  various  times  by  Lamont,  Donati, 
Brewster,  Stokes,  Gladstone,  and  others  ;  but  their 
labours  were  restricted  to  observing  the  position  of 
the  dark  lines  present  in  these  spectra,  as  well  as  their 
relation  to  the  Fraunhofer  lines  of  the  solar  spectrum, 
without  any  suspicion  of  their  real  nature  or  con- 
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nection  with  the  material  constitution  of  the  heavenly 
bodies.  It  was  not  till  Kirchhoff  s  discovery  of  the 
theory  of  the  Fraunhofer  lines  (1859)  that  the  sun, 
the  planets,  the  fixed  stars,  the  nebulae,  clusters, 
comets,  and  even  meteors,  were  subjected  to  analysis 
by  means  of  their  spectra. 

When  it  is  remembered  that  the  light  of  the  stars, 
and  especially  that  of  nebulae  and  comets,  is  very 
faint,  and  that  in  a  northern  climate  there  are  but 
few  nights  favourable  for  the  observation  of  these 
delicate  objects,  in  which  their  light  is  neither 
overpowered  by  the  moon  nor  obscured  by  mist  or 
cloud  ;  and  when  it  is  further  borne  in  mind  that 
since  the  instruments  participate  in  the  daily  revo- 
lution of  the  earth,  a  complicated  driving  clock  is 
requisite  for  giving  them  a  contrary  motion,  by 
which  the  image  of  a  star  may  be  kept  stationary 
for  some  time  in  the  field  of  view ;  some  idea  may 
be  formed  of  the  difficulties  inseparable  from  the 
investigations  of  the  heavenly  bodies  by  spectrum 
analysis,  and  some  proper  estimate  made  of  the 
services  of  such  men  as  Angelo  Secchi,  Director  of 
the  Observatory  at  the  Collegio  Romano  at  Rome, 
William  Huggins,  of  Upper  Tulse  Hill,  and  William 
Allen  Miller,  *  Vice-President  of  the  Royal  Society, 
who  have  won  for  themselves  well-merited  honour 
by  their  untiring  zeal  and  energy  in  overcoming 
so  many  obstacles. 

*  [On  September  30th,  1870,  the  Editor  sustained  the  great 
loss  of  his  esteemed  friend  Dr.  Miller,  who  died  on  that  day  after 
a  short  illness]. 
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It  is  obvious  that  the  spectroscopes  constructed 
in  the  manner  most  suitable  for  the  analysis  of  ter- 
restrial substances  are  not  adapted  for  the  inves- 
tigation of  stellar  light.  Whenever  the  distances  of 
the  lines  in  the  stellar  spectra  have  to  be  measured, 
or  their  position  compared  with  the  spectrum  lines 
of  any  terrestrial  substance,  the  instrument  must  be 
attached  to  an  equatorially  mounted  telescope — that 
is  to  say,  a  telescope  made  to  turn  at  the  same  speed 
as  the  earth,  but  in  a  contrary  direction,  so  as  to 
follow  any  star,  from  its  rising  to  its  setting,  upon 
which  the  instrument  may  be  directed,  and  thus  to 
keep  the  star  stationary  in  the  centre  of  the  field  of 
view.  The  motion  of  such  an  instrument  is  generally 
accomplished  by  clockwork,  according  to  the  method 
already  described  in  connection  with  Fig.  no. 

The  image  of  a  fixed  star  in  a  telescope  is,  as  is 
well  known,  a  point ;  now  the  spectrum  of  a  point 
is  a  line  without  any  sensible  breadth,  and  therefore 
not  suitable  for  observation.  In  order  to  obtain  a 
spectrum  of  sufficient  breadth  from  a  luminous 
point,  the  point  may  either  first  be  converted  into  a 
short  line  of  light,  which  is  easily  accomplished  by 
the  use  of  a  cylindrical  lens,  and  its  light  when  pro- 
jected on  to  the  slit  analyzed  by  a  prism,  or  a  linear 
spectrum  may  first  be  formed,  and  then  a  cylin- 
drical lens  employed  for  increasing  its  breadth.* 

It  is  evident  that  suitable  optical  contrivances 
are  requisite  (a  large  object-glass  or  concentrating 
lens,  for  instance,)  to  collect  the  greatest  possible 
*  [The  first  method  should  always  be  employed.] 
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amount  of  the  faint  light  of  a  star,  and  condense  it 
into  a  short  line  of  light,  and  further  that  on  ac- 
count of  the  faintness  of  the  object  the  dispersive 
power  of  the  spectroscope  must  under  ordinary  cir- 
cumstances be  limited,  and  the  instrument  contain 
only  a  few  prisms. 

A  suitable  contrivance  is  also  necessary  whereby 
in  immediate  connection  with  the  spectroscope  all 
kinds  of  terrestrial  substances  may  be  converted  into 
luminous  vapour,  either  by  means  of  a  Bunsen 
burner,  or,  which  is  preferable,  a  Ruhmkorff's  in- 
duction coil,  and  the  light  thus  emitted  sent  into 
the  spectroscope  through  the  prism  of  comparison 
(Fig.  57),  which  covers  one-half  of  the  slit,  so  as  to 
enable  the  observer  to  compare  the  spectra  thus 
formed  with  the  spectrum  of  a  star. 

From  these  general  remarks  it  will  be  easy  to 
understand  the  construction  of  a  stellar  spectroscope, 
and  become  familiar  with  the  details  of  its  practical 
management. 

The  first  stellar  spectroscope  was  made  by  Fraun- 
hofer  in  1823.  In  order  to  observe  the  spectra  of 
the  fixed  stars,  and  at  the  same  time  to  determine 
the  refrangibility  of  their  light,  he  constructed 
a  large  instrument  with  a  telescope  of  4;  inches 
aperture,  and  placed  in  connection  with  it  a  flint-glass 
prism  possessing  an  angle  of  37°  40',  of  the  same 
diameter  as  the  object-glass.  The  angle  formed  by 
the  incident  with  the  emergent  ray  was  about  26°. 
Fraunhofer  placed  the  prism  in  front  of  the  object- 
glass  of  the  telescope,  so  that  the  latter  served  only 
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as  the  observing  telescope  to  the  spectrum  already 
formed.  This  plan  was  abandoned  by  later  observers, 
who,  after  the  example  of  Lamont  (1838),  allowed 
the  light  of  the  star  to  pass  unchanged  through 
the  object-glass  of  the  telescope,  and  analyzed  the 
image  from  the  position  of  the  eyepiece  either  by  a 
prism  alone  or  else  by  the  use  of  a  small  telescope. 
The  Roman  observers  Respighi  and  Secchi  have 


Fig.  161. 


Merz's  Object-glass  Spectroscope. 


lately  reverted  to  Fraunhofer's  method,  and  have 
furnished  their  large  refractors  with  an  objeci-glass 
spectroscope  constructed  by  the  celebrated  optician 
Merz,  of  Munich. 

In  Fig.  161  the  apparatus  is  represented  complete, 
ready  for  attachment  to  the  object-glass  of  a  re- 
fractor; Fig.  162  shows  the  mounting  for  the  prism; 
and  Fig.  163  the  prism  when  removed  from  its  bed. 
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The  prism  P  is  mounted  in  a  ring  turning  on  a 
horizontal  axis,  which  by  means  of  the  lateral  pins 
a,  being  inserted  between  the  screws  b,  b^,  may 
be  fitted  into  a  second  ring.  This  outer  ring  is 
made  to  travel  round  the  case  by  which  the  whole 
apparatus  is  placed  in  connection  with  the  mounting 
of  the  object-glass,  so  as  to  allow  of  the  prism  being 
placed  in  any  position  or  inclined  in  any  direction 

Fto.  162. 


Merz's  Object-glass  Spectroscope.    (Mounting  of  the  Prism.) 


with  respect  to  the  object-glass  or  the  axis  of  the 
telescope.  Since  the  rays  falling  on  the  object- 
glass  are  diverted  by  the  prism,  the  axis  of  the 
telescope  cannot  be  pointed  direct  to  the  star  that 
is  to  be  observed.  In  order,  therefore,  to  facilitate 
the  finding  of  a  star,  the  case  carrying  the  prism  is 
constructed  with  an  opening  at  c,  through  which  the 
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Star  may  be  viewed  direct ;  on  the  side  of  the  case 
opposite  this  aperture  is  attached  an  achromatic 
system  of  prisms  /  of  equal  refracting  power  with 
the  prism  P,  by  means  of  which  the  difficulty  of 
finding  a  star  is  much  reduced. 

The  prism  has  a  refracting  angle  of  12°;  it  is 
composed  of  the  purest  colourless  flint  glass,  so  that 
the  loss  of  light  it  occasions  is  inappreciable.  Its 
aperture  measures  six  Paris  inches ;  and  the  mount- 
ing is  provided,  as  shown  in  the  drawings,  with 
every  necessary  contrivance  for  adjustment. 


Fig.  163. 


Merz's  Object-glass  Prism. 


Although  this  prism  reduces  the  effective  aperture 
of  the  g-inch  refractor  of  the  Collegio  Romano  to 
less  than  one-half,  the  amount  of  light  obtained  far 
exceeds  that  of  the  refractor  with  a  direct-vision 
spectroscope  applied  in  the  place  of  the  eyepiece  ; 
the  dispersion  is,  according  to  Secchi,  at  least  six 
times  as  great  as  the  most  powerful  apparatus 
applied  at  the  eyepiece  tube.* 

*  [This  statement  needs  confirmation.  There  may  have  been 
great  loss  of  light  in  the  direct-vision  spectroscopes  with  which  it 
was  compared.] 

30 
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Merz  has  also  adapted  the  object-glass  prism  for 
direct-vision  observation  by  constructing  it  of  a 
combination  of  crown-  and  flint-glass  prisms  cor- 
rected for  refraction.  The  slight  loss  of  light 
occasioned  by  such  a  combination  is  unavoidable. 
In  an  instrument  of  this  kind  made  for  the  observa- 


FiG.  164. 


Huggins'  Stellar  Spectroscope.    (Perspective  View.) 


tory  of  Privy  Counsellor  L.  Camphausen  at  Rungs- 
dorf,  the  refracting  angle  of  the  crown-glass  prism 
is  36°,  and  that  of  the  flint-glass  prism  25° ;  the  mean 
index  of  refraction  for  the  crown  glass  is  1-5283,  for 
the  flint  glass  176 10. 
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When  an  eyepiece  spectroscope  is  employed 
which  analyzes  the  optical  image  of  a  heavenly 
body — a  point  of  light  in  the  case  of  a  fixed  star 
— by  means  of  a  system  of  prisms  occupying  the 
place  of  the  eyepiece,  either  of  the  methods  above 
described  for  spreading  out  the  point  of  light  by 
the  use  of  a  cylindrical  lens  may  be  adopted,  and 


Fig.  165. 


Huggins'  Stellar  Spectroscope.    (Horizontal  Section.) 


it  is  in  most  cases  a  matter  of  indifference  whether 
this  lens  be  placed  in  front  or  behind  the  slit  and 
prisms.* 

The  stellar  spectroscope  with  which  Huggins 
made  his  first  observations,  and  which  was  con- 

*  [This  statement  is  not  quite  correct.  The  cylindrical  lens 
should  be  placed  before  the  slit] 
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structed  for  him  by  Browning,  is  represented  in  Figs. 
164,  165,  and  166.  The  outer  tube  T  T  of  the  eye- 
piece is  the  only  portion  of  the  equatorial  telescope 
given  in  the  drawings ;  all  the  other  parts  are 
omitted.  The  spectroscope  is  attached  to  the  eye- 
end  T  T  of  the  telescope,  a  refractor  of  8  inches 
aperture  and  10  feet  focal  length,  the  whole  being 
carried  forward  by  clockwork. 

Within  the  tube  T  T  of  the  equatorial  there  slides 
a  second  tube  B,  which  carries  a  plano-convex 

*  [This  telescope  has  iiowbeen  replaced  by  a  refractorof  1 5  inches 
aperture  and  1 5  feet  focal  length,  constructed  by  Messrs.  Grubb  and 

Son,  of  Dublin,  for  the  Royal  Society, 
by  whom  it  has  been  placed  in  the 
hands  of  Mr.  Huggins.  Spectroscopes 
of  a  new  form,  furnished  ^\dth  com- 
pound prisms  automatically  brought 
to  the  position  of  minimum  deviation 
for  the  part  of  the  spectrum  under 
observation,  for  use  with  this  large 
telescope,  are  being  constructed  by 
the  same  opticians.  One  of  these 
instruments  is  described  in  a  note 
at  p.  135,  and  the  train  of  prisms  re- 
presented in  diagram  H.  The  in- 
strument shown  at  C  contains  one 
compound  prism  (equal  in  dispersive 
power  to  two  prisms  of  dense  glass  of  60°),  and  is  used  in  the 

observation  of  nebulas  and 
faint  stars.  The  spectro- 
scope represented  at  D  con- 
tains two  compound  prisms, 
and  is  filled  with  Grubb's  au- 
tomatic arrangement.  Tlie 
collimator,  which  is  common 
to   all  the  spectroscopes, 
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cylindrical  lens  A  of  i  inch  aperture  and  14  inches 
focal  length ;  this  lens  is  so  placed  in  the  path  of 
the  converg-ing  rays  as  they  emerge  from  the  object- 
glass  that  the  axis  of  the  cylindrical  surface  is  per- 
pendicular to  the  slit  D  of  the  spectroscope,  and  by 
its  means  a  sufficiently  broad  spectrum  of  the  line  of 
light  is  formed,  the  slit  D  being  placed  exactly  in 
the  focus  of  the  object-glass  of  the  telescope.  Behind 


Fig.  166. 


Huggins'  Stellar  Spectroscope.    (Partial  Vertical  Section.) 


the  slit  is  placed,  as  usual,  the  collimating  lens  g,  by 
which  the  rays  are  rendered  parallel  before  entering 
the  prism  ;  the  lens  is  achromatic,  and  has  a  focus 
of  47  inches,  and  an  aperture  of  \  inch.  By  this 
arrangement  the  lens  g  receives  all  the  light  which 
diverges  from  the  linear  image  of  the  star  when  this 
has  been  brought  precisely  between  the  two  edges 


is  provided  with  a  perforated 
mirror  and  adjustable  hole 
for  spectra  of  comparison, 
and  with  a  cylindrical  lens. 
It  is  not  represented  in  the 
figures.] 
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of  the  slit.  The  parallel  rays  emerging  from  the 
lens  g  pass  through  two  dense  flint-glass  prisms 
possessing  a  refracting  angle  of  60°,  by  which 
they  are  decomposed,  and  a  spectrum  formed  which 
is  examined  by  means  of  the  small  achromatic  tele- 
scope /.  In  order  to  measure  the  distances  between 
the  lines  of  the  spectrum,  the  telescope  can  be 
turned  upon  a  pivot  by  means  of  a  fine  micrometer 
screw  q  y. 

The  object-glass  of  this  observing  telescope  has 
an  aperture  of  o*8  inch,  and  a  focal  length  of  675 
inches;  the  eyepiece  usually  employed  has  a  magni- 
fying power  of  5*7  times;  the  micrometer  screw  is 
so  contrived  that  it  is  possible  to  measure  with  accu- 
racy an  interval  of  ^  of  the  distance  between  the 
lines  A  and  H  of  the  solar  spectrum. 

The  light  of  the  terrestrial  elements,  the  spectra 
of  which  are  required  for  comparison  with  the 
spectrum  of  a  star,  is  brought  into  the  spectroscope 
in  the  following  manner. 

One-half  of  the  slit  D  is  covered  with  a  small 
prism  e,  opposite  to  which  is  a  mirror  F  (Fig.  166), 
sd  fastened  to  the  spectroscope  by  the  arm  R  as  to 
be  easily  adjusted.  This  mirror  receives  the  light 
emitted  by  the  substance,  which,  held  in  the  right 
position  by  metal  forceps  fixed  into  ebonite,  is 
converted  into  glowing  vapour  by  the  induction 
spark,  and  reflects  it  through  a  side  opening  in  the 
tube  T  T  into  the  telescope,  and  on  to  the  little 
prism  c.  While  at  the  same  time,  therefore,  the  light 
of  the  star  passes  through  one  half  of  the  slit,  the 
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lig-ht  from  the  glowing  terrestrial  substance  passes 
through  the  other  half,  and  in  this  way  there  are 
formed  in  the  telescope  /,  at  the  same  time,  two 
spectra,  ranged  close  one  over  the  other,  so  that  the 
coincidence  or  non-coincidence  of  the  dark  lines  of 
the  star  with  the  bright  lines  of  the  terrestrial  sub- 
stance may  be  observed  with  accuracy. 

In  his  researches  on  stellar  spectra,  Secchi  em- 
ploys by  preference  a  simple  direct-vision  spectro- 
scope, as  a  more  complicated  apparatus  when 
attached  to  an  equatorial  is  liable  to  destroy  the 
equilibrium  of  the  instrument,  and  interfere  with  the 
regularity  of  the  clock  motion.* 

The  spectroscope  emplo3^ed  by  Secchi  is  repre- 
sented apart  from  the  equatorial  in  Fig.  167.  MN 
is  the  principal  tube,  which  is  adapted  at  M  to  screw 
into  the  eyepiece  tube  G  of  the  equatorial ;  to  this 
tube  Js  attached  the  arc  Q  B  C,  along  the  divided 
circle  C  B  of  which,  the  telescope  Q  O  is  made  to 
travel  round  the  pivot  d  by  means  of  a  fine  micro- 
meter screw  n,  for  the  purpose  of  measuring  the 
lines  of  the  spectrum. 

E  is  an  achromatic  cylindrical  lens,  the  axis  of 

which  can  be  placed  either  at  right  angles  to  the 

slit  or  parallel  with  it ;  ^  is  the  slit,  and  6-  a  small 

glass  mirror  inclined  to  the  slit  at  a  less  angle  than 

45",  the  upper  half  of  which  being  unsilvered  allows 

the  light  of  the  star  to  pass  through  unobstructed, 

*  [When  the  equatorial  mounting  is  sufficiently  firm,  which 
should  be  the  case  in  all  large  instruments,  spectroscopes  of  the 
form  represented  in  Figs.  164,  165,  are  to  be  preferred  to  direct- 
vision  instruments.] 
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while  the  lower  half,  acting  as  a  mirror,  reflects 
from  its  silvered  surface  into  the  spectroscope  the 
light  of  the  substance  made  incandescent  in  the 
electric  apparatus  at  L. 

The  two  achromatic  lenses  K  K,  as  their  com- 
bined foci  meet  at  the  slit,  act  as  collimators,  and 
render  the  rays  parallel  before  throwing  them  on 
to  the  system  of  prisms. 

The  five  Janssen-Hofmann  direct-vision  prisms 

Fig.  167. 


Secchi's  Stellar  Spectroscope. 


p  q  p"^  q'  p"  (Fig.  47)  throw  the  prismxatic  rays  into 
the  observing  telescope  O  O  in  the  direction  G  d, 
so  that  the  axis  of  the  equatorial  can  be  directed 
straight  upon  the  star. 

In  the  lateral  tube  R  I  is  the  collimating  lens  R, 
in  the  focus  of  which  is  a  small  metal  plate  T,  con- 
taining an  exceedingly  narrow  slit,  and  movable 
backwards  and  forwards  by  means  of  a  fine 
micrometer  screw  V'.    Through  this  slit  passes  the 
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light  of  an  enclosed  lamp  at  I,  and  forms  a  very 
narrow  line  of  light  in  the  inside  of  the  tube  R  I, 
which  reflected  into  the  telescope  O  O  by  the  front 
surface  of  the  first  prism  serves  as  a  mark  to 
the  observer  in  the  examination  of  the  relative 
positions  of  the  spectrum  lines. 

In  order  to  see  the  finer  dark  lines  of  the  spectra, 
and  to  compare  them  with  the  lines  of  terrestrial 
substances,  instruments  composed  of  single  and 
compound  prisms  have  recently  been  constructed 
both  by  Secchi  and  Huggins,  suitable  for  appli- 
cation to  powerful  telescopes  which  admit  of  a  great 
dispersion  of  the  light. 

A  sketch  of  Secchi' s  compound  spectroscope 
without  the  equatorial  is  given  in  Fig.  i68  :  it  is 
more  particularly  adapted  to  celestial  objects  of 
considerable  diameter.  By  means  of  the  screw  O  O' 
the  instrument  is  attached  to  the  eyepiece  tube  of 
the  refractor;  at  K,  as  in  the  foregoing  arrange- 
ment, is  a  cylindrical  lens  by  which  the  image  of  a 
star  appearing  as  a  point  is  extended  into  a  fine  line 
of  light,  and  brought  precisely  within  the  opening  of 
the  slit.  F  is  the  slit,  half  of  which  is  covered  with 
the  prism  for  comparison,  /  ;  B  the  collimating  lens 
for  bringing  the  rays  on  to  the  first  prism  C  in  a 
parallel  direction.  Both  prisms  C  and  D  are  of 
dense  flint  glass,  possessing  a  refracting  angle  of 
60°,  and  are  fastened  on  to  the  plate  X  Y  Z  ;  they 
throw  the  spectrum  of  the  star  into  the  axis  of  the 
direct-vision  spectroscope  E  F  H  O,  which  contains 
the  compound  prism  E  F,  consisting  of  five  prisms, 
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the  observing  telescope  H  O,  and,  as  in  the  instru- 
ment previously  described,  the  lateral  tube  K  with 
a  graduated  scale.  This  scale  is  moved  by  the 
micrometer  screw  M,  and  when  the  instrument  is  in 
use  is  illuminated  in  the  usual  manner  by  the  flame 
of  a  lamp ;  the  image  of  the  scale  Is  thrown  by 

Fig.  1 68. 


Secchi's  large  Telespectroscope. 

reflection  from  the  front  surface  of  the  last  prism 
into  the  telescope  O,  where  the  e3^e  sees  at  the  same 
moment  the  divisions  of  the  scale  and  the  spectrum 
of  the  star.  N  is  a  holder  for  receiving  Geissler's 
tubes. 
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Huggins'  large  compound  telespectroscope  is 
shown  in  Fig.  169;  it  consists  of  two  direct-vision 
systems  of  prisms,  each  system  composed  of  five 
prisms,  with  a  train  of  three  excellent  single  prisms, 
two  of  which  possess  a  refracting  angle  of  60°,  and 
one  of  45°,  making  thirteen  prisms  in  all.  The 
spectroscope  is  screwed  in  the  usual  manner  into 
the  eye-tube  T  T  of  an  equatorial,  driven  by  clock- 
work :  a  is  the  slit  provided  with  a  prism  for  com- 
parison, and  the  contrivances,  already  described,  for 
the  simultaneous  observation  of  the  spectrum  of  a 
star,  and  that  of  a  terrestrial  substance  produced  by 
the  induction  coil ;  b  is  the  achromatic  collimating 
lens  of  4*5  inches  focus  which  renders  parallel  the 
rays  entering  the  slit.  The  light  is  decomposed 
first  by  the  set  of  prisms  d,  then  further  dispersed, 
and  the  individual  coloured  rays  still  more  separated, 
by  the  following  train  of  three  prisms  g  o{  60°, 
and  /i  of  45°,  after  which  it  again  passes  through  a 
second  direct-vision  system  of  prisms  e,  to  reach 
the  object-glass  of  the  telescope  c.  The  last  set  of 
prisms  e  is  placed  in  a  tube  attached  to  the  telescope 
c ;  by  means  of  a  micrometer  screw  the  telescope 
can  be  directed  to  any  part  of  the  spectrum,  which  is 
a  necessary  contrivance  in  the  observation  of  nebulae, 
as  these  objects  frequently  emit  light  consisting  only 
of  two  or  three  different  kinds  of  coloured  rays. 

The  compound  prism  e  can  be  employed  or  dis- 
pensed with  at  pleasure,  so  that  the  dispersive  power 
of  the  instrument  may  be  made  to  vary  within  the 
limits  of  from  4.'-  to  6\  prisms  of  60°.  The  advantage 
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of  being  thus  able  to  reduce  the  dispersive  power 
of  the  instrument  is  found  to  be  very  great  when 
observing  faint  objects,  or  when  the  atmospheric 
conditions  are  unfavourable. 

The  excellence  of  the  prisms  and  the  whole  instru- 
ment is  proved  by  the  great  purity  and  sharpness 
with  which  even  with  high  powers  the  finest  lines  in 


Fig.  169. 


Huggins'  large  Telespectroscope. 


the  spectrum  can  be  separated  when  metals  are 
volatilized  in  the  electric  spark. 

For  most  purposes,  however,  and  for  application 
to  small  refractors,  the  dispersion  of  the  stellar  light 
must  be  accomplished  in  much  less  compass  than  is 
the  case  with  the  instruments  just  described.  The 
direct-vision  spectroscope  constructed  by  Merz,  of 
Munich,  for  the  observation  of  the  solar  prominences 


STELLAR  SPECTROSCOPES. 


Ml 


described  at  p.  390,  is  a  very  efficient  instrument 
for  this  purpose,  and  from  the  simplicity  of  its  con- 
struction is  easily  managed.  When  attached  to 
the  telescope  it  is  screwed  into  the  sliding  tube  of 
the  eyepiece,  which  has  been  previously  removed, 
and  the  cylindrical  lens  L  (Fig.  170),  not  required 
for  the  observation  of  the  prominences,  is  inserted 
in  such  a  manner  as  to  project  the  line  of  light 
into  which  the  image  of  the  star  has  been  con- 
verted exactly  upon  the  slit  ss.  As  there  is  no 
means  of  altering  the  distance  between  L  and  s, 
the  exact  adjustment  of  the  line  of  light  on  to 


Fig.  170. 


Merz's  Simple  and  Compound  Spectroscope, 


the  slit  is  accomplished  by  screwing  the  whole 
instrument  in  or  out,  which  increases  or  diminishes 
the  distance  between  the  lens  L  and  the  image 
of  the  star.  In  observing  the  spectra  of  the  stars, 
when  the  light  is  sufficient  to  allow  of  it,  the  dis- 
persive power  may  be  doubled  by  the  introduction 
of  a  second  system  of  prisms,  without  losing  the 
advantage  of  a  direct-vision  spectroscope. 

A  simple  stellar  spectroscope  is  also  constructed 
by  Merz  adapted  specially  to  telescopes  of  small 
power.    A  drawing  of  this  instrument  is  given  in 
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Fig-.  171  ;  it  consists  of  a  positive  eyepiece  O,  an 
adjustable  cylindrical  lens  L,  and  a  direct-vision 
system  of  five  prisms,  the  dispersive  power  of  which 
amounts  to  8°  from  D  to  H.  It  is  so  contrived  that 
the  prisms,  when  separated  from  the  lens  L  and 
the  eyepiece  O,  may  be  easily  introduced  between 
the  collimator  C  and  the  system  of  prisms  of  the 
larger  spectroscope  (Fig.  170),  which  is  furnished 
with  a  slit.  The  two  instruments  (Figs.  1 70  and 
171)  thus  form  a  universal  eyepiece  spectroscope  ad- 
mirably suited  to  the  observation  of  the  heavenly 
bodies. 

Even  Browning's  miniature  spectroscope,  repre- 


FiG.  171. 


Merz's  Simple  Spectroscope. 


sented  in  Fig.  49,  and  described  in  p.  119,  which, 
including  the  tube  containing  the  prisms,  measures 
only  3^  inches,  yields  a  really  fine  spectrum  when 
directed  on  to  a  bright  star,  and  shows  very 
distinctly  the  prominent  dark  lines.  The  con- 
struction of  this  little  instrument  is  shown  in  Fig. 
172.  The  outer  tube  carries  the  slit,  which  can 
be  removed  at  pleasure,  and  is  easily  adjusted  by 
turning  round  a  ring ;  in  this  tube  slides  a  second 
tube  carrying  the  small  achromatic  collimating  lens 
C,  behind  which  is  placed  the  system  of  seven  prisms 
P,  and  an  opening  O  for  the  eyepiece  without  any 
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lens.  To  employ  it  in  stellar  observations,  the  tube 
containing  the  slit  is  removed,  and  the  collimator 
tube  O  screwed  into  the  place  of  the  eyepiece  of 
the  telescope.  The  spectroscope  is  easily  so  ad- 
justed that  the  image  of  the  star  is  brought  into  the 
focus  of  the  lens  C,  from  whence  the  rays  are  thrown 
in  a  parallel  direction  on  to  the  system  of  prisms  P, 
and  present  to  the  observer  at  O  a  sharply  defined 
linear  spectrum  of  the  star.  By  the  introduction  of 
a  suitable  cylindrical  lens  between  the  eyehole  O 
and  the  eye,  a  sufficient  breadth  is  given  to  the 


Fig.  172. 


Browning's  Miniature  Spectroscope. 


Spectrum  for  the  dark  lines  to  be  visible  when  the 
instrument  is  properly  adjusted. 

We  must  not  omit  here  to  mention  the  simple 
spectroscopes  employed  both  by  Secchi  and  Huggins 
in  those  circumstances  when  the  light  is  insufficient 
or  the  large  instruments  too  cumbrous  for  use. 
Huggins  has  long  made  use  of  a  hand  spectroscope 
for  observing  the  spectra  of  meteors  and  other  phe- 
nomena in  rapid  motion  in  the  heavens  ;  similar 
instrum.ents  were  also  employed  in  the  various 
expeditions  for  observing  the  solar  eclipse  of  the 
1 8th  of  August,  1868,  on  which  occasion  they 
rendered  valuable  service. 

These  instruments  as  constructed  by  Browning 
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consist  principally,  as  shown  in  Fig.  173,  of  a  direct- 
vision  system  of  prisms  ^r,  and  an  observing  telescope 
a  b.  The  achromatic  object-glass  a  has  an  aperture 
of  I '2  inch,  and  a  focus  of  about  10  inches.  The 
eyepiece  b  consists  of  two  plano-convex  lenses. 
As  a  large  field  of  view  is  very  important,  es- 
pecially when  the  instrument  is  employed  as  a 
meteor-spectroscope,  the  lens  turned  towards  the 
object-glass  a  equals  it  in  diameter,  and  is  fixed  in  a 
movable  tube,  so  that  the  distance  between  the  two 
lenses  of  the  eyepiece  may  be  controlled,  and  thus 
the  power  of  the  instrument  increased  or  diminished 
within  certain  limits.   The  system  of  prisms  consists 

Fig.  173. 


Browning's  Hand  Spectroscope. 

of  one  prism  of  dense  flint  glass  and  two  prisms  of 
crown  glass. 

The  field  of  view  of  this  hand  spectroscope 
embraces  a  space  in  the  heavens  of  about  7°  in 
diameter:  the  spectrum  of  a  bright  star  has  an 
apparent  length  of  3°,  and  even  the  spectrum  of  the 
great  nebula  of  Orion  appears  as  two  bright  lines 
with  a  faint  continuous  spectrum. 

For  the  purpose  of  testing  the  instrument  as  a 
meteor-spectroscope,  Huggins  observed  the  spectra 
of  some  fireworks  at  a  distance  of  about  three  miles. 
The  bright  lines  of  the  incandescent  metals  in  the 
fireworks  were  seen  with  great  distinctness,  and 
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showed  with  certainty  the  presence  of  sodium,  mag^- 
nesium,  strontium,  copper,  and  some  other  metals. 
The  same  little  instrument  suffices  to  show  some  of 
the  Fraunhofer  lines  in  the  spectrum  of  the  extreme 
points  of  the  moon's  cusps,  as  well  as  the  dark  lines 
in  the  stellar  spectra.  In  order  to  give  some  breadth 
to  the  spectrum  of  a  star,  which  in  this  instrument 
appears  only  as  a  bright  line,  a  small  cylindrical 
lens  is  placed  over  the  eyepiece  immediately  in 
front  of  the  eye.  As  the  instrument  is  not  furnished 
with  a  slit,  it  can  only  be  used  on  bright  objects  of 
small  magnitude,  or  on  objects  at  such  a  distance 
that  they  have  only  a  small  apparent  size. 

60.  Spectra  of  the  Moon  and  Planets. 

Since  the  planets  and  their  satellites  do  not  emit 
any  light  of  their  own,  but  shine  only  by  the  reflected 
light  of  the  sun,  their  spectra  are  the  same  as  the 
solar  spectrum,  and  any  differences  that  may  be 
perceived  can  arise  only  from  the  changes  the  sun- 
light may  undergo  by  reflection  from  the  surfaces 
of  these  bodies,  or  by  its  passage  through  their 
atmospheres. 

The  observations  of  Fraunhofer  (1823),  Brewster 
and  Gladstone  (i860),  Huggins  and  Miller,  as  well 
as  Janssen,  agree  in  establishing  the  complete  ac- 
cordance of  the  lunar  spectrum  with  that  of  the  sun. 
In  all  the  various  portions  of  the  moon's  disk  brought 
under  observation,  no  difference  could  be  perceived 
in  the  dark  lines  of  the  spectrum  either  in  respect 
of  their  number  or  relative  intensity.    From  this 
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entire  absence  of  any  special  absorption  lines,  it 
must  be  concluded  that  there  is  no  atmosphere  in 
the  moon,  a  conclusion  previously  arrived  at  from 
the  circumstance  that  during  an  occultation  no 
refraction  is  perceived  on  the  moon's  limb  when  a 
star  disappears  behind  the  disk.  Moreover,  a  small 
telescope  of  only  a  few  inches  aperture  suffices  to 
show  the  spectrum  of  the  moon  very  distinctly. 

The  spectra  of  the  planets  Venus,  Mars,  Jupiter, 
and  Saturn  are  also  characterized  by  the  Fraunhofer 
lines  peculiar  to  the  solar  light,  but  contain  in 
addition  the  absorption  lines  which  are  known  to  be 
telluric  lines  (§  47),  and  are  evidence  of  the  presence 
of  an  atmosphere  containing  aqueous  vapour. 

The  spectrum  of  Jupiter,  which  has  been  recently 
examined  by  Browning  with  a  spectroscope  attached 
to  his  i2i-inch  reflector,  is  not  of  sufficient  brilliancy 
to  allow  of  its  being  observed  or  measured  with 
extreme  accuracy.  Notwithstanding  the  great 
brilliancy  with  which  this  planet  shines  in  the 
heavens,  its  spectrum  is  not  so  bright  as  that  of  a 
star  of  the  second  magnitude  ;  this  is  owing  to  the 
brightness  being  more  apparent  than  real,  and  arises 
from  the  large  size  of  the  disk  compared  with  a  star, 
and  from  the  light  being  reflected,  and  not  original. 

As  early  as  1864  Huggins  discovered  some  dark 
lines  in  the  red  portion  of  Jupiter's  spectrum  which 
were  not  coincident  with  any  of  the  Fraunhofer  lines 
of  the  solar  spectrum,  and  among  them  is  one  that 
does  not  occur  among  the  telluric  lines.*  Browning 

*  [In  1869  Mr.  Le  Sueur  examined  the  spectrum  of  Jupiter  with 


SPECTRA  OF  THE  MOON  AND  PLANETS.  483 


distinctly  recognized  these  lines  early  in  1870,  and 
thinks  that  in  the  green  part  of  the  spectrum,  near 
the  yellow,  several  fine  dark  lines  occur  which  are 
coincident  with  those  occasioned  by  the  vapours  of 
the  earth's  atmosphere,  and  which  are  generally 
visible  in  the  corresponding  portion  of  the  solar 
spectrum  when  the  sun  is  near  the  horizon.  If  it  be 
supposed  that  Jupiter  is  in  any  way  self-luminous, 
these  lines  may  be  occasioned  by  such  elements  in 
the  planet  as  are  not  to  be  found  in  the  sun,  or  if 
present  in  the  sun,  have  not  been  revealed  to  us  by 
any  effect  of  absorption. 

The  comparatively  faint  spectrum  of  Saturn  has 
been  examined  by  Huggins,  who  observed  in  it 
some  of  the  lines  characteristic  of  Jupiter's  spectrum. 
These  lines  are  less  clearly  seen  in  the  light  of  the 
ring  than  in  that  of  the  ball,  whence  it  may  be 
concluded  that  the  light  from  the  ring  suffers  less 
absorption  than  does  the  light  from  the  planet  itself. 
The  observations  of  Janssen,  which  have  been  sup- 
ported by  Secchi,  have  since  shown  that  aqueous 
vapour  is  probably  present  both  in  Jupiter  and  Saturn. 
Secchi  has  further  discovered  some  lines  in  the  spec- 
trum of  Saturn  which  are  not  coincident  with  anv  of 
the  telluric  lines,  nor  with  any  of  the  lines  of  the 
solar  spectrum  produced  by  the  aqueous  vapour  of  the 
earth's  atmosphere.  It  is  not  improbable,  therefore, 
that  the  atmosphere  of  Saturn  may  contain  gases  or 
vapours  which  do  not  exist  in  that  of  our  earth. 

the  Great  Melbourne  Telescope,  and  saw  the  absorption  lines  as 
they  are  described  by  Huggins.] 
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The  spectrum  of  Uranus,  which  has  been  investi- 
gated by  Secchi,  appears  to  be  of  a  very  remarkable 
character.    It  consists  mainly  of  two  broad  black 

bands,  one  vi  (Fig.  174)  in  the 
greenish-blue,  but  not  coin- 
cident with  the  F-line,  and  the 
other  11  in  the  green  near  the 
lineE.  A  little  beyond  the  band 
the  spectrum  disappears  al- 
together, and  shows  a  blank 
space  q  p,  extending  entirely 
over  the  yellow  to  the  red, 
where  there  is  again  a  faint 
re-appearance  of  light.  The 
spectrum  is  therefore  such  a 
one  as  would  be  produced 
were  all  the  yellow  rays  extin- 
j^uished  from  the  liofht  of  the 
sun.  The  dark  sodium  line  D 
occurs,  as  is  well  known,  in 
the  part  of  the  spectrum  occu- 
pied by  this  broad  non-lumin- 
ous space  :  is  this  extraordinary 
phenomenon  therefore  to  be 
ascribed  to  the  influence  of  this 
metal,  or  is  the  planet  Uranus, 
which  has  a  spectrum  differing 
so  greatly  from  that  of  the 
sun,  self-luminous  ?  Has  the  planet  not  yet  attained 
that  degree  of  consistency  possessed  by  the  nearer 
planets,  which  shine  only  by  the  sun's  light,  and,  as 
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the  photometric  observations  of  Zollner  lead  us  to 
suppose  is  possible,  is  still  in  that  process  of  con- 
densation and  subsequent  development  through 
which  the  earth  has  already  passed  ?  These  are 
questions  to  which  at  present  we  can  furnish  no 
reply,  and  the  problem  can  only  be  solved  by  ad- 
ditional observations  of  the  strange  characteristics 
exhibited  by  this  spectrum.* 

The  spectrum  of  Neptune,  which  has  also  been 
examined  by  Secchi,  bears  a  great  resemblance  to 

*  [Huggins  gives  the  following  description  of  the  spectrum  of 
Uranus  in  a  paper  recently  presented  to  the  Royal  Society.  "  The 
spectrum  of  Uranus  as  it  appears  in  my  instrument  is  representee! 
in  the  accompanying  diagram.  The  narrow  spectrum  laced  above 
that  of  Uranus  shows  the  relative  positions  of  the  principal  solar 
lines,  and  of  two  of  the  strongest  absorption  bands  produced  by 
our  atmosphere,  namely  the  group  of  lines  a  little  more  refrangible 
than  D,  and  the  group  about  midway  from  C  to  D.  The  scale 
placed  above  gives  wave-lengths  in  millionths  of  a  millimetre. 
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"  The  spectrum  ot  Uranus  is  continuous,  without  any  part  being 
wanting  as  tar  as  the  feebleness  of  its  light  permits  it  to  be  traced, 
which  is  from  about  C  to  about  G.  On  account  of  the  small  amount 
of  light  from  the  planet,  I  was  not  able  to  use  a  slit  sufficiently  narrow 
to  bring  out  the  Fraunhofer  lines.  The  remarkable  absorption 
taking  place  at  Uranus  shows  itself  in  the  six  strong  lines  drawn 
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that  of  Uranus.  It  is  characterized  by  three  prin- 
cipal bands.  The  first,  which  is  the  faintest,  is 
situated  between  the  green  and  the  yellow,  nearly  in 
the  centre  between  D  and  b\  it  is  of  considerable 
breadth,  but  very  ill  defined  at  the  edges.  Between 
this  and  the  red  there  is  a  tolerably  bright  band, 
with  which  the  spectrum  seems  suddenly  to  ter- 
minate, and  the  red  is  entirely  wanting.  Secchi  is 
of  opinion  that  the  absence  of  the  red  is  not  occa- 
sioned by  the  faintness  of  this  planet,  for  other  stars 

in  the  diagram.    The  position  of  the  least  refrangible  of  these 
lines  could  only  be  estimated  as  it  occurs  in  a  very  faint  part  of 
the  spectrum ;  on  this  account  it  is  represented  by  a  dotted  line. 
The  measures  taken  of  the  most  refrangible  band  showed  that  it 
was  probably  at  the  position  of  the  solar  F.    By  direct  comparison 
it  appeared  to  be  coincident  with  the  bright  line  of  hydrogen. 
Three  of  the  lines  were  shown  by  the  micrometer  not  to  differ 
greatly  in  position  from  some  of  the  bright  lines  of  air.    A  direct 
comparison  was  made  when  the  principal  bright  lines  of  the  spec- 
trum of  air  were  found  to  have  the  positions  relatively  lo  the  bands 
of  planetary  absorption  which  are  shown  in  the  diagram.  The  band, 
which  has  a  wave-length  of  about  572-millionths  cf  a  millimetre, 
was  found  to  be  less  refrangible  than  the  double  line  of  nitrogen 
which  occurs  near  it.    The  two  planetary  bands  less  refrangible 
appeared  nearly  coincident  with  briL,ht  lines,  but  I  suspected  that 
the  lines  of  air  were  in  a  small  degree  more  refrangible.    I  here 
was  no  strong  line  in  the  spectrum  of  Uranus  at  the  position  cf 
the  strongest  of  the  air  lines,  namely  the  double  line  of  nitrogen  at 
500  of  the  scale.    Measures  taken  with  the  same  spectroscope  of 
the  principal  bright  bands  of  carbonic  acid  gas  showed  the  bands 
in  the  spectrum  of  Uranus  are  not  produced  by  the  absorption  of 
this  gas.    There  is  no  absorption  band  in  the  spectrum  of  Uranus 
at  the  place  of  double  line  of  sodium.    An  inspection  of  the  dia- 
gram will  show  that  there  are  no  bands  in  the  spectrum  of  Uranus 
similar  lo  those  produced  by  the  absorption  of  the  earth's  atmo- 
sphere."] 
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no  brighter  than  Neptune  show  the  red  clearly  in 
the  spectrum.  The  absence  of  this  colour  in  the 
spectrum  of  Neptune  must  therefore  be  ascribed  to 
absorption. 

The  second  absorption  band  occurs  at  the  line  b ; 
it  is  tolerably  well  defined  at  the  edges,  but  much 
fainter  and  more  difficult  of  observation  than  the 
first  band.  The  third  band  is  in  the  blue,  and  is 
even  fainter  than  the  second. 

This  spectrum  is  in  agreement  with  the  colour  of 
the  planet,  which  resembles  the  beautiful  tint  of  the 
sea.  A  peculiar  interest  attaches  to  this  spectrum 
from  the  coincidence  of  the  dark  bands  with  the 
bright  bands  of  certain  comets,  and  with  the  dark 
bands  of  stars  of  the  fourth  type.  These  bands  may 
possibly  be  due  to  carbon  ;  but  accurate  measure- 
ments are  exceedingly  difficult,  and  can  only  be 
attempted  on  the  finest  evenings  and  with  the  use 
of  the  most  powerful  instruments. 

While  Jupiter  and  his  satellites,  with  a  power  of 
350,  give  a  sharply  defined  image,  the  disk  of 
Neptune,  with  the  same  power,  ceases  to  be  well 
defined,  and  appears  with  a  nebulous  edge.*  From 
this  it  may  be  inferred  that  the  planet  is  surrounded 
by  a  dense  mist  of  considerable  extent,  the  chemical 
nature  of  which  has  yet  to  be  discovered,  or  else 
that,  like  Jupiter,  Saturn,  and  Uranus,  it  has  not  yet 

*  [This  statement  is  not  supported  by  the  observations  of 
other  astronomers  possessing  large  telescopes;  Mr.  Lassell  has 
on  favourable  occasions  with  his  20-foot  telescope  seen  the  disks 
of  Uranus  and  Neptune  as  sharply  defined  as  that  of  Jupiter.] 
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attained  that  degree  of  density  which  must  neces- 
sarily precede  the  formation  of  a  solid  surface. 

6i.  Spectra  of  the  Fixed  Stars.* 

The  fixed  stars,  though  immensely  more  remote 
and  less  conspicuous  in  brightness  than  the  moon 
and  planets,  yet  from  the  fact  of  their  being  oi^iginal 
sources  of  light  furnish  us  with  fuller  indications  of 
their  nature.  In  all  ages,  and  among  every  people, 
the  stars  have  been  the  object  of  admiring  wonder, 
and  not  unfrequently  of  superstitious  adoration. 
The  greatest  investigators  and  the  deepest  thinkers 
who  have  devoted  themselves  to  the  study  of  the 
stars  have  felt  a  longing  to  know  more  of  these 
sparkling  mysteries,  and  with  the  child  have  ex- 
perienced the  sentiment  expressed  in  the  well- 
known  lines  : 

"  Twinkle,  twinkle,  little  star, 
How  I  tvonder  what  you  are." 

The  telescope  has  been  appealed  to,  but  in  vain, 
for  in  the  largest  instruments  the  stars  remain  disk- 
less, never  appearing  more  than  as  brilliant  points. 
The  stars  have  indeed  been  represented  as  suns^ 
each  surrounded  by  a  dependent  group  of  planets, 
but  this  opinion  rested  only  upon  a  possible  analogy, 

*  In  this  section,  which  treats  of  the  fixed  stars  and  nebulae, 
we  have  followed  almost  exclusively,  and  in  some  places  verbally, 
the  excellent  treatise  "  On  Spectrum  Analysis  applied  to  the 
Heavenly  Bodies  :  a  discourse  delivered  at  Nottingham,  before 
the  British  Association,  1866,  by  William  Huggins."  We  have 
also  made  use  of  the  following  work,  "  Sugli  Spettri  prismatici  dei 
corpi  celesti ;  Memoire  del  R.  P.  A.  Secchi.  1868." 
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for  of  ih.Q  peacliar  nature  of  these  points  of  light,  and 
of  what  substances  they  are  composed,  the  telescope 
yields  us  no  information.  Spectrum  analysis  alone 
can  disclose  to  us  this  much-coveted  knowledge,  as 
it  gives  us  the  means  of  reading  in  the  light  emitted 
by  these  heavenly  bodies  the  indications  of  their 
true  nature  and  physical  constitution.  In  this  light 
we  possess  a  telegraphic  communication  between 
the  stars  and  our  earth  ;  the  spectroscope  is  the 
telegraph,  the  spectrum  lines  are  individually  the 
letters  of  the  alphabet,  their  united  assemblage  as  a 
spectrum  forms  the  telegram.  It  is  not,  however, 
easy  to  comprehend  this  language  of  the  stars,  but 
through  the  indefatigable  labours  of  Secchi,  Hug- 
gins,  and  Miller,  most  of  the  bright  stars,  the  nebulae, 
and  some  of  the  comets  have  been  investigated  by 
spectrum  analysis,  and  valuable  evidence  obtained 
as  to  their  physical  constitution. 

As  the  spectra  of  the  stars  bear  in  general  a 
marked  resemblance  to  the  spectrum  of  the  sun, 
being  continuous  and  crossed  by  dark  lines,  there  is 
every  reason  for  applying  Kirchhoff's  theory  also  to 
the  fixed  stars,  and  for  accepting  the  same  explana- 
tion of  these  similar  phenomena  that  we  have  already 
accepted  for  the  sun.  By  the  supposition  that  the 
vaporous  incandescent  photosphere  of  a  star  contains 
or  is  surrounded  by  heated  vapours  which  absorb 
the  same  rays  of  light  which  they  would  emit  when 
self-luminous,  we  may  discover  from  the  dark  lines 
in  the  stellar  spectra  the  substances  which  are  con- 
tained in  the  photosphere  or  atmosphere  of  each 
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Star.  In  order  to  ascertain  this  with  certainty,  the 
dark  lines  must  be  compared  with  the  bright  lines 
of  terrestrial  substances  volatilized  in  the  electric 
spark  ;  and  the  complete  coincidence  of  the  charac- 
teristic bright  lines  of  a  terrestrial  substance  with 
the  same  number  of  dark  lines  in  the  stellar  spectrum 
would  justify  the  conclusion  that  this  substance  is 
present  in  the  atmosphere  of  the  star,  a  conclusion 
that  gains  all  the  more  in  certainty  the  greater  the 
number  of  lines  coincident  in  the  two  spectra. 

For  the  purpose  of  exhibiting  the  results  of  his 
observations  before  a  large  audience,  Huggins,  in 
conjunction  with  Miller,  prepared  accurate  draw- 
ings of  the  most  remarkable  stellar  spectra,  and  had 
them  photographed  on  glass  of  the  size  of  about  two 
inches.  By  means  of  these  transparent  photographs, 
coloured  in  correspondence  with  the  tints  of  the 
spectrum,*  it  is  possible  by  the  use  of  Duboscq's 
lantern  and  the  electric  or  Drummond's  lime-light, 
so  to  magnify  these  stellar  spectra,  and  project 
them  on  to  a  screen,  that  even  at  a  great  distance 
the  dark  lines  may  be  easily  distinguished. 

The  brilliant  spectra  of  two  stars  of  the  first 
magnitude,  Aldebaran  (a  Tauri),  and  Betelgeux 
(a  Ononis),  taken  from  these  photographs,  are  re- 
presented in  Fig.  175.  The  positions  of  all  these 
dark  lines,  about  eighty  in  each  spectrum,  which 
cross   that   portion  of  the  continuous  spectrum 

*  These  are  to  be  had  from  W,  Ladd,  1 1  and  1 2,  Beak  Street, 
Regent  Street,  W. ;  and  from  J.  Duboscq,  21,  Rue  de  TOdeon, 
Paris , 
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between  the  Fraunhofer  lines  C  and  F,  were  care- 
fully determined  by  Huggins  and  Miller  through 
repeated  and  very  accurate  measurements.  These 
measured  lines,  however,  are  but  few  compared 
with  the  innumerable  fine  lines  which  are  visible  in 
the  spectra  of  these  stars. 

Beneath  the  spectrum  of  each  star  the  bright  lines 
of  the  metals  with  which  it  was  compared  are 
represented.  These  spectra  of  terrestrial  elements 
appear  in  the  spectroscope  as  bright  lines  upon  a 
dark  background,  in  the  position  shown  in  Fig.  175, 
that  is  to  say  exactly  in  juxtaposition  with  the 
spectrum  of  the  star,  so  that  it  can  be  determined 
with  the  greatest  accuracy  whether  these  bright 
lines  are  coincident  or  not  with  the  dark  lines  of  the 
star. 

The  double  D-line  characteristic  of  sodium,  for 
example,  coincides  line  for  line  with  a  dark  line  also 
double  in  both  the  stars ;  sodium  vapour  is  there- 
fore contained  in  the  atmosphere  of  these  stars,  anvl 
the  metal  sodium  forms  one  of  the  constituent 
elements  of  these  brilliant  and  remote  heavenly 
bodies. 

The  three  bright  lines  Mg  in  the  .ij-reen  are  so  far 
as  is  yet  knov^n  cAcIiisively  produced  by  the  luminous 
vapour  of  magnesium ;  they  agree  in  position  exactly, 
line  for  line,  with  the  three  dark  stellar  lines  b.  The 
conclusion  therefore  would  appear  to  be  well  founded 
that  magnesium  forms  another  of  the  constituents  of 
these  stars. 

In  the  same  way,  the  two  intensely  bright  lines 
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marked  H,  characteristic  of  hydrogen  gas,  one  of 
which  is  in  the  red  and  the  other  in  the  blue  limit  of 
the  green,  coincide  ]^recisely  widi  the  dark  line^  C 
and  F  in  the  spectrum  of  Aldebaran,  but  not,  ac- 
cording to  Huggins,  in  that  of  Betelgeux  ;  therefor.  ^ 
hydrogen  gas  exists  in  the  photosphere  or  atmo- 
sphere of  Aldebaran,  but  is  not  present  in  that  of 
a  Ononis.*  In  a  similar  manner,  other  elements, 
among  them  bismuth,  antimony,  tellurium,  and 
mercury,  are  known  to  form  constituents  of  these 
stars. 

It  is  necessary  to  remark  here  in  reference  to  all 
these  elements  that  the  certainty  of  their  presence  in 
the  stars  does  not  rest  upon  the  coincidence  of  only 
cne  line,  which  would  furnish  but  feeble  evidence, 
but  upon  the  coincidence  of  a  group  of  two,  three, 
or  more  lines  occurring  in  different  parts  of  the 
spectrum.  The  coincidence  of  many  other  bright 
and  dark  lines  of  the  same  substance  might  doubtless 
be  seen,  as  in  the  case  of  the  solar  spectrum,  were 
the  light  of  the  star  more  intense  ;  but  the  faintness 
of  the  stellar  light  limits  the  comparison  to  the 
stronger  lines  of  each  terrestrial  substance. 

The  question  might  be  asked.  What  elements  are 
represented  by  the  other  innumerable  dark  lines  and 
bands  in  the  stars  ?    Some  of  them  are  probably 

*  [No  strong  lines  comparable  with  those  seen  in  other  stars 
were  observed  by  Huggins  and  Miller  in  the  spectrum  of  Betelgeux, 
and  some  other  stars  giving  a  similar  spectrum,  at  the  positions 
occupied  by  the  lines  of  hydrogen,  but  upon  this  observation  it 
is  not  safe  to  base  the  conclusion  that  that  element  is  entirely 
absent] 


494 


SPECTRUM  ANALYSIS. 


due  to  the  vapours  of  such  terrestrial  elements  as 
have  not  yet  been  compared  with  the  spectra  of  the 
stars. 

The  fact  that  certain  stars  possess  an  atmosphere 
of  aqueous  vapour  has  been  observed  both  by  Janssen 
and  Secchi.  They  belong  for  the  most  part  to  the 
class  of  red  and  yellow  stars,  and  in  their  spectra,  as 
might  be  supposed,  the  lines  of  luminous  hydrogen 
are  wanting.  As  early  as  1864,  Janssen  had 
remarked  the  existence  of  an  atmosphere  of  aqueous 
vapour  in  the  star  Antares ;  and  after  a  more  complete 
investigation  of  the  spectrum  of  steam  in  1866  (§47), 
and  further  observations  of  stellar  spectra  made  after 
the  total  solar  eclipse  of  1868  in  the  remarkably  dry 
air  of  the  heights  of  Sikkim  (Himalaya),  he  could  no 
longer  doubt  that  there  are  many  stars  surrounded 
by  a  similar  atmosphere.  Notwithstanding  the  dry 
condition  of  the  air,  the  lines  of  aqueous  vapour 
were  more  strongly  marked  in  the  spectra  of  these 
stars  as  seen  from  the  heights  of  the  Himalaya  than 
had  been  observed  previously,  a  phenomenon  which 
cannot  be  ascribed  to  the  absorption  of  the  earth's 
atmosphere,  and  must  therefore  be  due  to  that  of 
the  star.* 

The  results  of  the  comparison  of  the  two  stellar 
spectra  given  above  (Fig.  175),  with  the  spectra 
of  terrestrial  elements,  are  given  in  the  following 
table : — 

*  [These  observcations  of  the  presence  of  lines  of  aqueous 
vapour  in  the  spectra  of  some  of  the  stars  appear  to  the  Editor  to 
require  confirmation  with  instnmients  of  greater  dispersive  power.] 
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TERRESTRIAL  ELEMENTS  COMPARED  WITH  ALDEBARAN. 

COINCIDENT.  NOT  COINCIDENT. 

1.  Hydrogen  with  the  lines  C  and  F.  Nitrogen  3  lines  compared. 

2.  Sodium  with  the  double  D-line.  Cobalt  2    „  „ 

3.  Magnesium  with  the  triple  line  b.  Tin  5    „  „ 

4.  Calcium  with  four  lines.  Lead  2    „  „ 

5.  Iron  with  four  lines  and  with  E.  Cadmium  3    „  „ 

6.  Bismuth  with  four  lines.  Barium  2    „  „ 

7.  Tellurium  with  four  lines.  Lithium  i  line  „ 

8.  Antimony  with  three  lines. 

9.  Mercury  with  four  lines. 

TERRESTRIAL  ELEMENTS  COMPARED  WITH  BETELGEQX. 

COINCIDENT.  NOT  COINCIDENT. 

1.  Sodium  with  the  double  D-line.  Hydrogen  2  lines  compared. 

2.  Magnesium  with  the  triple  line  b.  Nitrogen  3    „  „ 

3.  Calcium  with  four  lines.  Tin  5    „  „ 

4.  Iron  with  four  lines  and  with  E.  Gold  ? 

5.  Bismuth  with  four  lines.  Cadmium  3    „  „ 

6.  Thallium?  Silver       2    „  „ 

Mercury  2  „  ,, 
Barium  2  ,,  „ 
Lithium    i  line  „ 

62.  Secchi's  Types  of  the  Fixed  Stars. 

While  Huoreins  and  Miller  had  thus  been  investi- 
gating  about  a  hundred  of  the  brightest  stars, 
Secchi,  favoured  above  his  English  fellow-labourers 
by  the  purity  of  an  Italian  sky,  had  already  ex- 
tended his  observations  over  more  than  five  hundred 
fixed  stars,*  and  gave  the  results  to  the  world  in 

*  [The  work  of  Secchi  and  that  of  Huggins  and  Miller  are  not 
comparable.  The  observations  of  Huggins  and  Miller  consisted 
of  the  direct  comparison  in  the  spectroscope  of  the  lines  seen  in 
spectrum  of  a  star  with  the  bright  lines  of  terrestrial  substances, 
an  investigation  which  required  many  months'  work  upon  a  single 
star,  and  was  immensely  more  tedious  and  laborious  than  the 
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1867,  in  his  work  entitled  "  Catalogo  delle  Stelle  di 
cui  si  e  determinato  lo  spettro  luminoso,  all'  osser- 
vatorio  del  Collegio  Romano."  Since  then,  above 
a  hundred  more  stars  have  been  added  to  this  cata- 
logue by  this  industrious  astronomer,  so  that  there 
exists  at  present  a  rich  mass  of  spectrum  observa- 
tions of  the  fixed  stars,  which  Secchi  has  so  far  pro- 
visionally arranged  as  to  be  able  to  group  them  into 
four  principal  types,  into  which  all  stars,  with  only  a 
few  very  remarkable  exceptions,  may  be  classified. 

The  first  type  is  represented  by  the  star  a  Lyrae 
(Frontispiece  No.  12),  and  also  by  the  well-known 
brilliant  star  Sirius  (Fig.  176,  I.)  Most  of  the  stars 
shining  with  a  white  light  are  included  in  this  class, 
such  as  Sirius,  Vega,  Altair,  Regulus,  Rigel,  the 
stars  of  the  Great  Bear  with  the  exception  of 
a  Ursse,  etc.  All  these  stars,  which  are  usually 
considered  white  stars,  clthough  they  really  shine 
with  a  slight  tinge  of  blue,  give  a  spectrum  like 
that  represented  in  Fig.  176,  No.  i.  It  is  composed 
of  rays  of  all  the  seven  colours,  and  is  sometimes 
crossed  by  very  numerous  and  mostly  very  fine 
lines,  but  always  by  four  broad  and  \^ry  dark  lines. 
Of  these  four  lines,  one  is  in  the  red,  another  in  the 
greenish-blue,  and  the  remaining  two  in  the  violet. 
All  the  four  lines  are  due  to  hydrogen,  and  are  in 
exact  coincidence  with  the  four  brightest  lines  (H  a, 
/3,  7,  t)  composing  the  spectrum  of  terrestrial  hy- 
drogen as  produced  by  means  of  a  Geissler's  tube. 

micrometric  measures  of  the  principal  stellar  lines  to  which  Secchi's 
work  was  mainly  restricted.] 
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In  Fig.  176,  No.  I,  the  dark  line  C  coincides  with 
the  line  H  a,  the  F-line  with  H  /3,  the  line  V  with 
H  7,  and  W  with  H  g.  Besides  these  four  broad 
lines  characteristic  of  hydrogen,  the  spectra  of  the 
brightest  stars  of  this  class  show  also  a  faint  dark 
line  in  the  yellow,  apparently  coincident  with  the 
sodium  line  D,  and  also  a  number  of  still  fainter 
lines  in  the  green  belonging  to  iron  and  magnesium. 

The  most  remarkable  peculiarity  of  this  type  is 
the  great  breadth  of  some  of  the  lines,  which  seems 
to  indicate  that  the  absorptive  stratum  must  be  v^ry 
thick  and  under  considerable  pressure,  as  well  as  at 
a  very  high  temperature. 

In  the  smaller  stars  the  line  C  in  the  red  is  diffi- 
cult of  observation,  on  account  of  the  faintness  of 
the  light,  while  the  line  occurring  in  the  blue  is 
often  very  broad.  A  slight  tinge  of  blue  pervades 
the  colour  of  all  |hese  stars,  as  before  stated  ;  con- 
sequently their  spectra  contain  but  little  red  and 
yellow,  while  the  blue  and  violet  predominate.* 

A  complete  spectrum  of  the  first  type  is  given  in 
Huggins'  drawing  of  the  spectrum  of  Sirius  (Fig. 
177).  Nearly  half  the  stars  in  the  heavens  are 
included  in  this  type,  and  their  spectra  may  be  ex- 
amined even  with  a  telescope  of  small  power. 

The  second  type  of  fixed  stars,  represented  by  the 
spectrum  of  Arcturus  (a  Bootis),  is  that  to  which 
our  sun  belongs.    In  this  class  most  of  the  yellow 

*  [The  whole  range  of  red  and  yellow  rays  is  present,  though 
it  may  be  that  the  more  refrangible  parts  of  the  spectrum  are 
relatively  brighter  than  in  some  other  stars.] 
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Stars  are  included,  as,  for  instance,  Capella,  Pollux, 
Arcturus,  Aldebaran.  a  in  the  Great  Bear,  Procyon, 
etc.  The  dark  (Fraunhofer)  lines  are  very  strongly 
marked  in  the  red  and  in  the  blue  portions  of  their 
spectra,  but  are  almost  entirely  absent  in  the  yellow. 
The  Fraunhofer  lines  in  the  solar  spectrum  (Fig.  176, 
No.  II.)  give  an  example  of  this.  The  space  be- 
tween the  lines  A  and  D  is  occupied,  as  is  well 
known,  by  red  and  orange ;  yellow  extends  from  D 
to  E  ;  while  green  and  blue  lie  beyond.  While 
strong  absorption  lines  cross  the  spaces  between  A 
and  D,  and  between  E  and  G,  they  are  almost 
entirely  wanting  in  the  yellow  space  between  D  and 
E.*  It  is  therefore  to  be  expected  that  this  colour 
should  predominate  in  the  light  of  these  stars.  The 
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dark  lines,  moreover,  are  generally  sharply  defined, 
and  only  occasionally,  as  in  the  case  of  a  Tauri, 
seem  somewhat  expanded. f 

The  stars  belonging  to  this  class  are  difficult  to 
observe.    The  dark  lines  in  the  spectra  of  Capella 

*  [The  lines  in  this  part  of  the  spectrum  are  numerous,  but  are 
very  fine,  and  easily  escape  observation.] 

t  [The  lines  in  the  spectrum  of  Aldebaran  appear  to  the  Editor 
a,s  narrow  and  defined  as  those  of  the  solar  spectrum.] 
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and  Pollux  are  extremely  fine,  while  those  in  Arc- 
turus  and  Aldebaran  are  much  broader,  and  more 
easily  recognized.  Aldebaran  may  be  regarded  as 
holding  an  intermediate  position  between  the  second 
and  the  third  type,  while  Procyon  forms  the  con- 
necting link  between  the  stars  of  the  first  and 
second  type. 

The  dark  lines  in  the  spectrum  of  the  second  type 
coincide  so  exactly  with  the  strongest  of  the  Fraun- 
hofer  lines,  that  stars  of  this  type  may  be  used,  as 
suggested  by  Secchi,  as  a  standard  of  comparison 
in  the  investigation  of  other  spectra,  and  as  a  cor- 
rection for  the  instrument.  This  close  conformity 
to  the  solar  spectrum  undoubtedly  leads  to  the  con- 
clusion that  these  stars  are  composed  of  similar 
elements  and  possess  a  physical  constitution  in 
other  respects  analogous  to  that  of  our  sun.  Many 
of  them  appear  to  yield  a  continuous  spectrum, 
but  this  arises  only  from  the  fineness  of  the  lines, 
which  does  not  allow  of  their  being  always  visible. 
They  are,  however,  generally  easily  seen  in  a  good 
instrument  when  the  air  is  clear  and  free  from 
tremor. 

To  the  first  type  belong  about  one-half  of  all  the 
stars  hitherto  observed ;  of  the  remaining  half, 
perhaps  two-thirds  may  be  reckoned  as  yellow 
stars,  to  be  classed  accordingly  under  the  second 
type. 

Of  the  tJiird  type,  which  includes  specially  the 
stars  shining  with  a  red  light,  Secchi  has  given 
as  an  example  the  spectra  of  the  stars  a  Ononis, 
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^nd  aHerculis  (Fig.  176,  and  Frontispiece  Nos.  13 
and  14).  The  spectra  of  such  stars  appear  like  a 
row  of  columns  illuminated  from  the  side,  producing 
a  stereoscopic  effect;  and  when  the  bright  bands 
are  narrower  than  the  dark  ones,  the  spectrum  has 
the  appearance  of  a  series  of  grooves.  Red  stars 
of  even  the  eighth  magnitude  have  been  examined 
spectroscopically  with  Secchi's  admirable  instrument 
and  show  a  similar  constitution,  while  no  spectrum 
could  be  obtained  from  white  stars  of  the  same 
magnitude.* 

In  red  stars  the  absorption  lines  are  more  bands 
than  lines,  and  resemble  the  bands  produced  in  the 
solar  spectrum  by  our  atmosphere.  The  sodium 
line  D  is  not  sharply  defined,  as  in  Nos.  I.  and  II., 
as  a  single  or  a  double  line,  but  is  very  much  ex- 
panded and  shaded  at  the  edges,  as  shown  in  the 
Frontispiece  Nos.  13  and  \\.'\  This  seems  to 
indicate  that  these  stars  are  surrounded  by  a  power- 

*  [The  meaning  probably  is  that,  in  white  stars  of  this  magnitude, 
with  Secchi's  instrument,  the  fine  dark  Hnes  could  not  be  recog- 
nized, whereas  in  red  stars  the  close  aggregations  of  these  lines, 
in  groups,  which  form  the  grooves  of  which  Secchi  speaks,  could 
be  seen.  With  superior  instrumental  power,  the  grooved  appear- 
ances described  in  the  text  disappear,  and  the  spectra  of  these 
stars  are  seen  to  be  crossed  by  numerous  dark  lines,  arranged  in 
successive  groups.] 

t  [This  statement  is  not  in  accordance  with  the  observation  of 
the  Editor.  In  some  of  these  stars,  as  a  Herculis,  the  sodium 
line  falls  within  a  group  of  lines ;  in  others,  as  /3  Pegasi  and 
a  Orionis,  fine  hnes  are  present  very  near  to  D.  Under  unfavour- 
able circumstances  of  observation,  therefore,  the  line  D  may 
have  the  appearance  of  "  being  expanded  and  shaded  at  the 
edges."] 
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fully  absorptive  atmosphere,  the  nature  of  which  can 
only  be  accurately  ascertained  when  a  more  perfect 
knowledge  of  the  influence  which  the  temperature 
and  density  of  a  gas  exerts  upon  its  spectrum  has 
been  acquired. 

Only  about  thirty  bright  stars  belong  to  this  type, 
among  which  are  a  Ononis,  a  Herculis,  ^  Pegasi, 
o  (Mira)  Ceti,  Antares,  etc.  ;  if  stars  of  the  second 
magnitude  be  included,  their  number  will  amount  to 
about  a  hundred. 

Secchi  remarks  as  a  peculiar  characteristic  of  these 
stars  that  the  darker  lines  of  the  spectrum  separating 
the  grooves  occur  in  the  same  place  in  all  the  stars. 
The  most  prominent  are  those  of  magnesium  {b  in 
Fig.  176,  No.  III.),  sodium  (D),  and  iron,  which,  as 
in  the  solar  spectrum,  are  often  ill  defined.  The 
hydrogen  lines  are  also  present,  but  they  do  not 
predominate  as  in  the  foregoing  types.  Hydrogen 
gas  is  therefore  likewise  present  in  these  stars ; 
when  its  characteristic  dark  lines  (C  and  F)  are  not 
visible  in  their  spectra,  an  instance  of  which,  ac- 
cording to  Huggins,  is  to  be  found  in  a  Ononis 
(Fig.  175,  No.  2),  this  anomaly  is  to  be  explained 
by  these  lines  being  sometimes  reversed,  and  appear- 
ing as  bright  lines,  a  phenomenon  occasional^  to 
be  noticed  in  the  spectrum  of  a  solar  spot.  Most 
of  the  prominent  lines  belong  to  metals  which  are 
found  also  in  the  sun. 

As  a  rule,  the  spectra  of  these  stars  resemble 
closely  the  spectrum  of  a  solar  spot,  which  has  led 
Secchi  to  the  conclusion  that  stars  of  the  third  type 
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differ  only  from  those  of  the  second  by  the  thick- 
ness of  the  envelope  of  vapour  or  atmosphere  by 
which  they  are  surrounded,  as  well  as  by  the  want  of 
continuity  in  their  photosphere  ;  it  seems  therefore 
that  these  stars  must  have  spots  like  our  sun,  but  of 
proportionally  much  larger  dimensions. 

The  fourth  type,  consisting  of  stars  not  exceeding 
the  sixth  magnitude,  is  principally  characterized  by 
a  spectrum  of  three  bright  bands  separated  by  dark 
spaces  ;  the  most  brilliant  band  lies  in  the  green,  and 
is  in  general  well  marked  and  broad ;  the  second, 
much  fainter,  and  often  scarcely  visible,  is  in  the 
blue ;  while  the  third,  in  the  yellow,  extends  as  far 
as  the  red,  where  it  separates  into  several  divisions. 
.  All  these  bright  bands  have  this  peculiarity, 
that  they  are  brightest  on  the  side  towards  the 
violet,  where  the  light  terminates  abruptly,  while 
towards  the  red  they  fade  gradually  away  into 
black. 

The  spectra  of  this  class  are  therefore  in  direct 
contrast  to  those  of  the  third  type,  in  which  the 
columnar  bands  are  not  only  double  in  number  in 
the  same  space,  but  the  maximum  of  their  light  is 
turned  towards  the  red,  while  the  darker  side  is 
towards  the  violet.  The  spectra  of  the  third  and 
fourth  types  can  therefore  in  no  way  be  regarded 
merely  as  modifications  of  one  and  the  same  original 
spectrum,  but  must  be  considered  as  emanating 
from  substances  completely  and  entirely  differing 
one  from  the  other.  The  extreme  faintness  of  these 
stars  forbids  the  use  of  the  slit,  and  thus  the  sub- 
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Stances  emitting  their  light  cannot  be  ascertained 
with  certainty ;  their  spectra,  however,  bear  a  very 
close  resemblance  to  the  spectrum  of  carbon. 

A  spectrum  of  this  fourth  type  is  given  in  Fig. 
176,  No.  IV.  (No.  152  of  Schjellerup's  catalogue). 
Secchi  has  observed  about  thirty  of  this  class,  the 
most  beautiful  of  which  are  Nos.  41,  78,  13^,  152, 
and  273  of  Schjellerup's  catalogue.  Great  variety  is 
noticeable  in  their  spectra ;  some  of  them,  such  as 
the  red  star  in  the  Great  Bear  (No.  152  Schj.,  in 
Fig.  176,  No.  IV.),  showing  intensely  bright  lines, 
two  of  which  occur  in  the  green  and  two  in  the 
greenish-blue  in  the  spectrum  of  this  star.* 

Besides  these  four  principal  types,  there  are 
other  groups  of  stars  deserving  particular  notice. 

*  [The  description  of  the  spectra  of  these  stars  differs  from  the 
appearance  they  present  to  tlie  Editor.  He  places  below  a 
diagram  of  the  spectrum  of  the  red  star,  No.  152  of  Schjellerup's 
catalogue  (Astronomische  Nachrichten,  No.  1591).   He  compared 


the  spectrum  of  the  star,  using  a  narrow  slit,  with  the  brightliness 
of  sodium  and  carbon.  The  line  marked  D  he  found  to  be 
coincident  with  that  of  sodium.  The  less  refrangible  boundar>' 
of  the  first  of  the  three  principal  bright  bands  in  the  spectrum  of 
carbon  is  nearly  coincident  with  the  beginning  of  the  first  group 
of  dark  lines  ;  the  second  of  the  carbon  bands  is  less  refrangible 
than  the  second  group  in  the  star ;  the  third  band  of  the  carbon 
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To  these  belong,  for  instance,  the  stars  composing- 
the  constellation  of  Orion,  which  from  the  fineness  of 
their  spectrum  lines  ought  to  be  classed  under  the 
second  type,  but  which  are  also  remarkable  for  the 
almost  entire  absence  of  the  red  and  the  yellow.* 
All  the  stars  in  this  portion  of  the  heavens  are 
marked  by  a  twofold  character ;  they  have  all  a  very 
decided  green  colour,  and  the  lines  of  their  spectra 
are  so  fine  as  to  be  often  difficult  to  distinguish. 
The  region  of  Cetus  and  Eridanus,  on  the  contrary, 
is  remarkable  for  the  great  number  of  yellow  stars. 
It  cannot  be  conceived  that  such  a  distribution  and 
grouping  of  stars  is  merely  the  effect  of  chance ;  it 
is  more  reasonable  to  suppose  that  it  depends  upon 
the  nature  and  condition  of  the  substance  with  which 
the  various  parts  of  the  universe  are  filled. 

A  remarkable  exception  to  the  four  types  above 
mentioned  is  formed  by  a  few  stars  which  present  a 
direct  spectrum  of  hydrogen,  and  may  be  classed, 
after  Secchi's  example,  under  a  fifth  type.  The 
most  remarkable  star  of  this  class  is  y  Cassiopeise, 
in  the  spectrum  of  which,  according  to  Huggins' 
measurements,  the  bright  lines  H  a  (red),  and  H  /3 

spectrum  falls  on  the  bright  space  between  the  second  and  third 
group  of  dark  lines  in  the  spectrum  of  the  star.  The  absorption 
bands  are  therefore  not  due  to  carbon.  There  is  a  strong  line 
about  the  position  of  C,  but  this  part  of  the  spectrum  is  too  faint 
to  permit  of  comparison  or  micrometric  measurement.  The 
comparative  relative  freedom  of  the  red  part  of  the  spectrum  from 
dark  lines  is  in  accordance  with  the  predominance  of  this  colour 
in  the  star's  light.] 

*  [There  must  be  some  mistake  here,  as  the  principal  stars  of 
Orion  contain  the  red  and  yellow  parts  in  their  spectra.] 
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(greenish-blue),  are  visible  in  the  places  of  the  dark 
lines  C  and  F,  besides  a  bright  line  in  the  yellow 
apparently  coincident  with  D3*  (Fig.  140).  Similar 
'  spectra  have  been  observed  in  the  variable  star 
j3  Lyrse,  in  ^7  Argo,  in  the  spectrum  of  which  Le 
Sueur  with  the  great  Melbourne  telescope  saw  the 
lines  C,  b,  F,  a  yellow  line  near  to  D  (D3  ?),  and  the 
most  intense  of  the  nitrogen  lines  as  bright  lines ; 
the  same  phenomena  were  also  observed  in  two  tem- 
porary stars,  of  which  more  will  be  said  in  §  65. 

From  all  these  observations  it  may  be  concluded 
that  at  least  the  brightest  stars  have  a  physical 
constitution  similar  to  that  of  our  sun.  Their  light 
radiates,  like  that  of  the  sun,  from  matter  in  a  state 
of  intense  incandescence,  and  passes  in  like  manner 
through  an  atmosphere  of  absorptive  vapours. 
Notwithstanding  this  general  conformity  of  struc- 
ture, there  is  yet  a  great  difference  in  the  consti- 
tution of  individual  stars ;  the  grouping  of  the 
various  elements  is  peculiar  and  characteristic  for 
each  star,  and  we  must  suppose  that  even  these 
individual  peculiarities  are  in  necessary  accordance 
with  the  special  object  of  the  stars  existence,  and 
its  adaptation  to  the  animal  life  of  the  planetar}^ 
worlds  by  which  it  is  surrounded. 

63.  Colour  of  the  Stars. — Double  Stars  and 

THEIR  Spectra. 

In  a  transparent  atmosphere,  especially   in  a 
southern  clime,  the  stars  do  not  all  appear  with  the 
*  [The  presence  of  a  bright  Une  in  the  yellow  is  not  certain.] 
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white  brilliancy  of  the  diamond :  here  and  there 
the  eye  discovers  richly  coloured  gems  sparkling  on 
the  sombre  robe  of  night  in  every  shade  of  red, 
green,  blue,  and  violet ;  and  the  astronomer,  enabled 
by  his  powerful  telescope  to  investigate  the  faintest 
objects,  is  lost  in  wonder  over  the  variety  of  these 
colours,  and  their  remarkable  distribution  in  the 
starry  heavens.  This  play  of  colour  is  most  con- 
spicuous in  the  double  stars,  so  called  from  their 
consisting  of  two  or  more  suns  kept  together  by  the 
bond  of  mutual  attraction,  and  revolving  in  orbits 
according  to  their  mass,  either  one  around  the  other 
or  both  round  a  common  centre  of  gravity.  To  the 
naked  eye  their  appearance  is  that  of  a  single  star, 
on  account  of  their  close  proximity,  but  on  the 
application  of  sufficient  magnifying  power  they  are 
found  to  be  constituted  of  three,  four,  or  more  suns 
in  intimate  connection :  such  a  system  is  to  be 
found  in  the  beautiful  constellation  of  Orion  (in  the 
Sword),  consisting  of  sixteen  stars,  where  to  the  un- 
assisted eye  there  seems  but  one.  In  several  of 
these  double  stars,  the  number  of  which  already 
exceeds  6,000,  it  has  been  possible  to  calculate 
the  time  of  revolution  of  the  small  star  :  the  period 
of  one  in  the  Great  Bear  has  been  found  to  be 
60  years,  of  another  in  Virgo  513  years,  and  of 
7  Leonis  1,200  years. 

A  peculiar  interest  attaches  to  double  stars  from 
their  great  diversity  of  colour,  which  occasioned 
Sir  John  Herschel  to  remark  in  describing  a  cluster 
in  the  Southern  Cross  that  it  resembled  a  splendid 
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ornament  composed  of  the  richest  jewels.  While  the 
majority  of  single  stars  shine  with  a  white  light,  but 
sometimes  with  a  yellow,  and  even  occasionally  with 
a  red  hue,  in  double  stars  the  companion  is  almost 
always  blue,  green,  or  red,  thus  contrasting  with  the 
white  light  of  the  larger  or  central  star. 

It  has  long  been  a  subject  of  inquiry  whence  these 
colours  arise.  It  has  been  supposed  that  they  were 
complementary  colours,  and  therefore  that  they  were 
not  inherent  in  the  stars,  but  dependent  on  an 
optical  illusion  similar  to  that  produced  by  looking 
upon  a  white  wall  immediately  after  gazing  at  the 
sun  when  the  wall  appears  covered  with  violet  spots. 
But  the  simple  expedient  of  covering  the  central 
star  in  the  telescope  suffices  to  show  the  incorrect- 
ness of  this  supposition,  for  the  colour  of  the  small 
star  remains  unaffected  by  its  separation  from  the 
light  of  the  larger  one.  ZoUner,  to  whom  we  are 
indebted  for  a  masterly  work  on  light  and  the  phy- 
sical constitution  of  the  heavenly  bodies,  was  the 
first  to  express  the  idea  that  as  all  known  substances 
in  their  transition  from  a  state  of  incandescence  to 
that  of  a  lower  temperature  pass  through  the  stage 
of  red  heat,  so  the  fixed  stars  in  their  process  of 
development  from  the  condition  of  glowing  gas 
through  the  period  of  an  incandescent  liquid  state, 
and  the  subsequent  development  of  floating  scoriae, 
or  gradual  formation  of  a  cold  non-luminous  surface, 
must,  together  with  the  gradual  diminution  of  their 
light,  be  also  subject  to  a  change  of  colour.  For 
many  coloured  stars,  especially  for  the  so-called 
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new  Stars  in  which  the  colour  has  been  known  to 
sink  in  the  scale  from  white  to  yellow  and  to  red, 
this  conjecture  of  Zollner's  has  a  high  degree  of 
probability  ;  but  that  other  circumstances  must 
exercise  an  influence  also  on  the  colour  of  stars  is 
proved  by  a  change  of  colour  having  been  observed 
to  take  place  in  the  opposite  direction — that  is,  from 
red  to  white — of  which,  among  other  stars,  we  have 
an  example  in  Sirius,  regarded  by  the  ancients  as 
a  red  star,  and  which  is  now  considered  as  a  type  of 
the  white  stars,  as  well  as  in  Capella,  which  formerly 
was  red,  and  now  shines  with  a  pale  blue  light. 
Huggins  and  Miller  have  discovered  by  means  of 
the  spectroscope  that  the  colour  of  a  star  not  only 
depends  upon  the  degree  of  incandescence  of  the 
intensely  hot  liquid  or  solid  nucleus,  but  also  upon 
the  kind  of  absorptive  power  its  atmosphere  may 
exert  upon  the  light  emitted  by  the  glowing  nucleus. 

As  the  source  of  stellar  light,  remarks  Huggins, 
is  incandescent  solid  or  liquid  matter  (Kirchhoff),  it 
appears  very  probable  that  at  the  time  of  its 
emission  the  light  of  all  stars  is  alike  white.  The 
colours  in  which  we  see  them  must,  therefore,  be 
produced  by  certain  changes  which  the  light  has 
undergone  since  its  emission.  It  is  further  obvious 
that  if  the  dark  absorption  lines  are  more  numerous 
or  more  strongly  marked  in  some  parts  of  the  spec- 
trum than  in  others,  then  the  peculiar  colours  of 
those  places  will  be  subdued  in  tone,  and  in  any 
case  will  appear  relatively  weaker  than  in  those 
parts  of  the  spectrum  where  the  absorption  lines  are 
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much  less  numerous.  While  in  this  way  certain 
colours  would  be  partially  extinguished  from  the 
spectrum,  the  remaining  colours,  being  unaffected, 
would  predominate,  and  give  their  own  tints  to  the 
originally  white  light  of  the  star. 

The  spectrum  of  Sirius,  universally  known  as  one 
of  the  most  beautiful  -white  stars,  is  given  in  Fig. 
177.  As  might  be  expected,  the  spectra  of  these 
stars  are  remarkable  for  the  absence  of  any  groups 
of  intense  absorption  bands.  The  dark  lines  which 
traverse  the  coloured  spectrum,  though  very  nume- 
rous, and  with  a  single  exception  equally  dis- 
tributed over  all  the  colours,  are  exceedingly  fine 
and  delicate,  and  therefore  too  faint  to  affect  the 
original  whiteness  of  the  light.  The  one  exception 
consists  of  four  strong  single  dark  lines,  one  of 
which  corresponds  with  the  Fraunhofer  C-line, 
another  with  the  F-line,  while  the  third  lies  ver}^ 
near  to  G,  which,  as  we  have  already  seen,  indicate 
with  certainty  the  presence  of  hydrogen. 

If  this  spectrum  be  compared  with  that  of  an 
orange-coloured  star,  the  largest  of  the  two  stars 
composing  the  group,  a  Herculis,  of  which  a  draw- 
ing by  Huggins  is  given  in  Fig.  178,  the  differ- 
ence between  this  spectrum  and  that  of  Sirius  will 
appear  at  a  glance  ;  for  the  green,  blue,  and  even 
the  red  colours  in  this  spectrum  are  subdued  by 
groups  of  intensely  dark  bands,  while  the  orange 
and  yellow  rays  preserve  nearly  their  original  in- 
tensity, and  therefore  predominate  in  the  light  ot 
this  star. 
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After  conquering  many  difficulties,  Huggins  and 
Miller  obtained  the  same  results  from  the  obser- 
vation of  a  faint  telescopic  double  star.  Fig.  179 
shows  the  two  spectra  of  the  well-known  double 
star  P  Cygni.  In  a  large  telescope  the  colours  of 
these  two  stars  contrast  very  beautifully :  the  lower 
spectrum  is  that  of  the  orange  star,  the  upper  that 
of  its  faint  but  beautiful  blue  companion.  In  the 
orange  star  the  dark  lines  are  observed  to  be  most 
intense,  and  most  closely  grouped  in  the  blue  and 
violet  parts  of  the  spectrum  ;  the  orange,  therefore, 
which  is  comparatively  free  from  these  bands,  gives 


ltd  yellow      green         blue  \iolet 


Spectram  of  the  .Star  A  of  a  Herculis. 

the  predominant  colour  to  the  light.  In  the  delicate 
blue  companion  the  strongest  groups  of  lines  are  to 
be  found  in  the  yellow,  orange,  and  part  of  the  red, 
so  that  it  is  to  be  expected  that  blue  should  pre- 
dominate in  the  light  of  this  star,  and  that  we 
should  see  it  of  the  hue  produced  by  the  mingling 
of  those  colours  which  are  left  after  the  absorption 
of  the  above-mentioned  rays  from  the  white  light. 

The  colours  of  the  stars  are,  therefore,  without 
doubt  produced  by  the  vapours  of  certain  substances 
contained  in  their  atmosphere ;  and  as  the  chemical 
constitution  of  the  atmosphere  of  a  star  depends 
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Upon  the  elements  of  which  the  star  itself  is  com- 
posed, and  upon  its  temperature,  it  would  be 
possible  to  ascertain  the  chief  constituents  of  these 
small  telescopic  worlds,  if  the  position  of  the  dark 
absorption  lines  could  be  determined  with  accuracy, 
or  if  these  lines  could  be  compared  with  the  spec- 
trum lines  of  terrestrial  elements. 

64.  Variable  Stars. 

Among  the  fixed  stars  there  are  several  which 
vary  from  time  to  time  in  brightness  as  compared 

Fig.  I7Q. 
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Spectra  of  the  Component  Stars  of  the  Double  Star  §  Cygni. 


with  neighbouring  stars ;  their  light  increases  or 
diminishes,  and  alternates  in  some  cases  from  the 
brilliancy  even  of  a  star  of  the  first  magnitude  to 
complete  invisibility.  In  some  this  change  of  bright- 
ness takes  place  as  a  constant,  very  slow,  and 
regular  diminution  of  light ;  in  others  there  appears 
an  almost  sudden  increase  and  decrease  of  bril- 
liancy ;  while  with  others,  again,  the  change  takes 
place  within  regularly  recurring  periods.  The 
period  of  variability  is,  therefore,  the  time  elapsing 
between  the  two  successive  seasons  of  greatest 


VARIABLE  STARS. 


513 


brilliancy.  The  following  table  shows  the  varieties 
exhibited  by  variable  stars  of  this  latter  order. 


Star. 

Variation  ol 
from 

■  Brightness, 
to 

Period  of  Variability. 

17  Argus 
R  Cephei 
R  Cassiopeice 
0  Ceti  (Mira) 
S  Cancri 
/3  Persei 

I  Magnitude 

6 

5 

I  or  2 
8 

2i 

4  Magnitude. 

under  14 

95 
10-5 

4 

46  (?)  years. 
73(?) 

428-9  days. 
331 '3363  days. 

9-485  M 
2-867  M 

Of  all  variable  stars,  Mira  Ceti  is  perhaps  the  most 
interesting,  since  at  its  maximum  brightness  it  equals 
a  star  of  the  first  or  second  magnitude.  Scarcely 
less  interesting  is  |3  Persei,  which  for  two  days 
thirteen  hours  and  a  half  shines  with  the  brightness 
of  a  star  of  the  second  magnitude,  then  suddenly 
decreases  in  light,  and  sinks  down  in  three  hours 
and  a  half  to  a  star  of  the  fourth  magnitude;  its  light 
then  again  increases,  and  in  a  similar  period  of  three 
hours  and  a  half  regains  its  original  brilliancy.  All 
these  changes  recur  regularly  in  the  space  of  less 
than  three  days,  during  which  the  star  always  re- 
mains visible  to  the  naked  eye. 

Whence  comes  this  variation  in  the  light  of  a 
star  ?  Zollner,  with  great  acuteness,  and  supported 
by  numerous  observations  of  these  changes  of  bright- 
ness, offers  a  simple  and  unconstrained  explanation 
in  supposing  the  cause  to  lie  in  the  configuration 
and  distribution  of  dark  masses  of  scoriae  which  form 
on  the  red-hot  liquid  body  of  the  star  in  the  process 
of  cooling,  and  which,  in  consequence  of  the  star's 
rotation  on  its  axis,  and  the  centrifugal  force  thus 

33 
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arising,  would  take  certain  definite  courses  on  the 
surface  of  the  star  in  a  manner  analogous  to  that 
which  may  be  observed  with  floating  icebergs  on  our 
earth.  As  a  consequence  of  this  peculiar  relative 
motion,  the  dark  masses  of  scoriae  would  arrange 
themselves  in  a  fixed  order,  and  would  produce  on 
the  surface  of  the  star  an  unequal  distribution  of 
red-hot  luminous  matter,  and  accumulations  of  non- 
luminous  scoriae.  Were  this  distribution  to  assume 
the  form  depicted  by  Zollner  in  Fig.  i8o,  and  the 


Fig.  i8o. 
N 


Variability  of  a  Star  accorrling  to  Zollner, 

bright  liquid  mass  flowing  in  the  direction  of  the 
arrows  a  and  b,  or  against  that  of  the  star's  axial 
rotation,  after  the  manner  of  the  polar  streams  of  our 
earth,  to  become  stopped  in  its  course  by  the  bank 
of  scoriae,  then  the  change  in  the  brilliancy  of  the 
light  coming  to  us  from  this  star,  and  the  periodic 
recurrence  with  every  revolution  on  its  axis,  would 
in  most  cases  be  easily  accounted  for.  Others 
think,  on  the  contrary,  with  Stewart  and  Klinkerfues, 
that  the  variable  stars  are  very  close  double  stars. 
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and  that  the  one  in  revolution,  whether  it  be  a  dark 
body  or  a  yet  incandescent  gaseous  or  red-hot  fluid 
mass,  would  occasion,  in  passing  before  the  larger 
star,  either  a  partial  eclipse  or  an  atmospheric 
absorption  of  the  light,  such  as  not  unfrequently 
happens  in  our  own  planetary  system. 

It  is  instructive  to  consider  how  these  different 
theories  have  been  affected  by  spectrum  analysis. 
If  the  periodic  change  in  the  brightness  of  a  star  be 
occasioned  by  a  change  in  its  physical  constitution, 
or  by  the  interposition  of  a  dark  and  opaque  body, 
or  should  the  interposing  body,  whether  dark  or 
luminous,  be  surrounded  by  an  absorptive  atmo- 
sphere, this  would  be  made  apparent  by  an  alteration 
in  the  spectrum,  consisting  of  an  accession  of 
absorption  lines  principally  noticeable  at  the  time  of 
minimum  brightness. 

Secchi,  and  Huggins  and  Miller,  have  given 
much  time  to  investigations  of  this  nature,  and  the 
last  two  observers  noticed  that  in  the  spectrum  of 
Betelgeux  (a  Ononis),  Fig.  175,  in  February,  1866, 
when  the  star  was  at  its  maximum  brightness,  a 
group  of  dark  bands  was  missing,  the  precise  place 
of  which  had  been  determined  with  great  care 
two  years  before  (in  Fig.  175,  at  No.  1069-5  of  the 
scale,  bordered  by  a  dark  line).  Secchi  has  also 
noticed  changes  in  a  dark  line  in  the  spectrum  of 
the  same  star  during  a  diminution  of  brightness  ;  but 
these  observations  are  yet  too  few  and  isolated  for 
any  conclusion  to  be  deduced  from  them  as  to  the 
correctness  of  either  of  the  foregoing  hypotheses. 
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It  has  recently  been  remarked  by  Secchi  that  the 
spectrum  of  the  nucleus  of  a  solar  spot  (Fig.  io8) 
bears  a  close  resemblance  to  that  given  by  several 
red  stars,  such  as  a  Orionis,  Antares,  Aldebaran, 
o  Ceti.  A  series  of  dark  bands  and  stripes  as  re- 
presented in  the  spectrum  of  a  Orionis,  given  in  the 
lower  part  of  Fig.  175,  No.  2,*  are  present  equally  in 
the  spectrum  of  a  solar  spot  as  in  the  spectra  of  the 
above-named  red  stars,  which  leads  to  the  supposi- 
tion that  the  red  colour  of  these  stars  arises  from 
the  same  cause  that  produces  the  absorption  bands 
in  the  spectrum  of  the  solar  spot.  As  nearly  all 
these  stars  are  variable,  it  is  not  improbable  that 
they  are  also  subject  to  spots  which  occur  with  a 
certain  degree  of  regularity,  as  the  solar  spots  have 
been  proved  to  do.  The  period  of  variability  in  the 
light  would  then  depend  upon  the  period  of  the 
formation  of  the  spots,  in  the  same  way  as  our  sun 
appears  as  a  variable  star,  of  which  the  period  of 
v^ariation  in  the  light  coincides  with  the  regular 
recurrence  of  the  spots. 

65.  New  or  Temporary  Stars. 

Among  the  variable  stars  must  also  be  reckoned 
those  which  from  time  to  time,  but  only  at  ex- 
ceedingly long  intervals,  have  suddenly  flamed  forth 
in  the  sky  and  disappeared  again  after  a  longer  or 

*  [  The  dark  shading  in  Huggins'  diagram  referred  to  in  tlie  text, 
giving  the  appearance  of  bands,  is  intended  to  represent  groups  of 
fine  lines.  The  spectrum  of  this  star  does  not  contain  broad  Hues 
or  bands  when  observed  with  a  suitable  spectroscope.] 
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shorter  interval,  and  which  always  excite  the  greatest 
wonder  and  interest,  not  only  from  the  rarity  of  their 
appearance,  but  also  from  the  mighty  revolutions  in 
space  which  they  announce.    According  to  Hum- 
boldt, only  twenty-one  such  stars  have  been  recorded 
in  the  space  of  2,000  years,  from  134  B.C.  to  1848 
A.D.,  the  most  remarkable  of  which  was  that  ob- 
served by  Tycho  Brahe  (1572)  in  Cassiopeise,  which 
surpassed  both  Sirius  and  Jupiter,  and  even  rivalled 
Venus  in  brilliancy,  but  disappeared  after  seventeen 
months,  without  leaving  a  trace  visible  to  the  naked 
eye;*  and  that  seen  by  Kepler  (1604)  in  the  right 
foot  of  Ophiuchus,  which  excelled  Jupiter  but  did 
not  quite  equal  Venus  in  brightness,  and  at  the  end 
of  fifteen  months  was  visible  only  by  means  of  the 
telescope.    Two  similar  stars  which  have  appeared 
in  recent  times,  one  observed  by  Hind  in  1848,  and 
another  seen  in  the  Northern  Crown  in  1866,  though 
they  soon  lost  their  ephemeral  glory,  still  continue 
visible  as  stars  of  the  tenth  and  ninth  magnitude. 
A  characteristic  peculiarity  of  these  temporary  stars 
is  that  they  nearly  all  flash  out  at  once  with  a  degree 
of  brilliancy  exceeding  in  some  cases  even  stars  of 
the  first  magnitude,  and  that  they  have  not  been 
observed,  at  least  with  the  naked  eye,  to  increase 
gradually  in  brightness. 

Are  we  to  suppose  that  these  so-called  new  stars 
are  really  new  creations,  as  Tycho  Brahe  believed, 
and  that  those  that  have  disappeared  are  really 

*  The  telescope  was  not  invented  until  thirty-seven  years  after 
this  date. 
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annihilated  or  burnt  out  ?    Can  we  suppose,  with 
Riccioli,  that  these  heavenly  bodies  are  luminous 
only  on  one  side,  which  by  a  sudden  semi-revolution 
the  Creator  at  the  appointed  time  has  turned  towards 
us  ?    The  first  supposition  has  been  set  aside  by 
later  observations,  which  have  shown  by  the  help 
of  maps  that  a  small  star  had  already  existed  pre- 
cisely in  the  place  where  the  new  star  burst  forth  ; 
the  other  view  is  too  absurd  to  deserve  in  these  days 
any  further  consideration.    The  star  observed  by 
Tycho,  as  well  as  that  one  seen  by  Kepler,  are  still 
visible ;  according  to  Argelander,  the  position  of 
the  first  in  1865  was  R.A.  4h.  19m.  57*7s.  ;  and 
N.D.  63°  23'  55"  ;  and  that  of  the  second,  according 
to  Schonfeld,  was  in  1855  R.A.  lyh.  2  im.  57s.,  with 
a  yearly  variation  of  +  3  •586s.,  S.D.  21°  21'  2", 
with  a  yearly  variation  of  —  0*05 5s.     If,  therefore, 
the  sudden  bursting  forth  of  a  star  in  the  heavens 
does  not  denote  the  creation  of  a  new  star,  nor  its 
gradual  disappearance  indicate  its  complete  anni- 
hilation, we  may  well  suppose  that  both  phenomena 
are  the  successive  effects  of  a  violent  outbreak  of 
fire  taking  place  in  the  star  either  in  the  form  of  an 
eruption  of  the  internal  red-hot  liquid  matter,  and 
its  suffusion  over  the  surface,  or  of  the  ignition  of 
gigantic  streams  of  gas  forcing  their  way  from  the 
interior.    While  such  an  occurrence  would  raise  the 
star  to  a  state  of  extreme  incandescence,  and  cause 
it  to  emit  an  intense  light  for  some  time,  the  cooling 
subsequent  to  this  combustion  would  ensue  more 
or  less  rapidly,  and  the  brightness  consequently 
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diminish  in  quick  progression,  until  in  certain  con- 
ditions the  star  would  cease  to  be  visible. 

Fortunately  for  science,  such  an  occurrence  has 
taken  place  since  spectrum  analysis  has  been  so 
successfully  applied  to  the  examination  of  the 
heavenly  bodies.  On  the  night  of  the  12th  of  May, 
1866,  a  new  star,  brighter  than  one  of  the  second 
magnitude,  was  observed  at  Tuam,  by  Mr.  John 
Birmingham,  in  the  constellation  Corona  Borealis. 
On  the  following  night  it  was  seen  by  the  French 
engineer  Courbebaisse  at  Rochefort,  and  was 
observed  a  few  hours  earlier  at  Athens  by  the 
astronomer  Julius  Schmidt,  who  expressly  declares 
that  the  new  star  could  not  have  been  visible  before 
eleven  o'clock  on  the  night  of  the  12th  of  May,  as 
he  had  been  observing  with  his  comet-seeker  the 
star  R  Coronse,  and  while  sweeping  for  some  time 
in  its  neighbourhood  for  meteors,  could  not  have 
failed  to  notice  the  new  star  if  it  had  been  then 
visible.  On  the  same  night  (13th  of  May)  the  light 
of  the  star  sensibly  decreased,  and  by  the  i6th  of 
May  it  had  become  only  of  the  fourth  magnitude. 
Its  brightness  then  waned  somewhat  rapidly :  it 
decreased  from  4*9  on  the  17th  to  5*3  on  the  i8th, 
and  from  57  on  the  19th  to  6-2  on  the  20th,  till  by 
the  end  of  the  month  it  had  become  a  star  of  the 
ninth  magnitude. 

That  the  star  was  not  a  new  one  was  pointed  out 
by  Schmidt,  who  found  it  marked  in  Argelander's 
"  Durchmusterung  des  nordlichen  Himmels "  as 
No.  2,765  in  +  25°  declination.    Argelander  had 
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observed  the  star  on  the  i8th  of  May,  1855,  on 
the  31st  of  March,  1856,  and  on  both  occasions  had 
classed  the  star  as  between  the  ninth  and  tenth 
magnitudes.* 

Huggins  was  informed  by  Birmingham  of  his  dis- 
covery on  the  14th  of  May,  and  was  thus  enabled 
on  the  15th  inst.,  in  conjunction  with  Miller,  to 
examine  the  spectrum  of  this  star  when  it  had  not 
fallen  much  below  the  third  magnitude.  The  result 
of  this  investigation  is  as  follows. 

The  spectrum  of  the  star  was  very  remarkable, 
and  showed  clearly  that  there  were  two  distinct 
sources  of  light,  each  producing  a  separate  spec- 
trum. The  compound  spectrum  (Fig.  181)  is  seen 
evidently  to  be  composed  of  two  independent 
spectra  superposed  ;  the  one  is  a  continuous  spec- 
trum crossed  by  dark  lines  similar  to  that  given  by 
the  sun  and  other  stars ;  while  the  other  consists  of 
foicr  bright  lines,  which  from  their  great  brilliancy 
stand  in  bold  relief  upon  the  dark  background  of 
the  first  spectrum. 

The  principal  spectrum  traversed  by  dark  lines 
shows  the  presence  of  a  photosphere  of  incan- 

*  Mr.  Barker,  of  London,  Canada,  W,,  who  announced  in  the 
Canada  Free  Press  that  he  had  observed  a  new  star  in  Corona  of 
the  third  magnitude  on  the  14th  May,  now  affirms,  in  a  letter  to 
Mr.  Hind,  that  he  had  seen  this  star  from  the  4th  of  May,  and 
that  it  had  increased  in  brilliancy  up  to  the  loth  of  May,  from 
which  time  its  light  began  to  decline.t 

+  [Mr.  Stone,  now  Her  Majesty's  Astronomer  at  the  Cape  of  Good  Hope, 
stated  as  the  result  of  a  careful  investigation  of  Mr.  Barker's  announcement  : 
"  I  have  not  the  slightest  hesitation  in  stating  that,  in  my  opinion,  Mr.  Barker's 
observations  previous  to  those  made  on  May  14  are  not  entitled  to  the  slightest 
credit." — Monthly  Notices,  Royal  Astronomical  Society ,  vol.  xxvii.,  p.  60.] 
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descent  matter  probably  solid  or  liquid,  which  is 
surrounded  by  an  atmosphere  of  cooler  vapours, 
giving  rise  by  absorption  to  the  dark  lines.  This 
absorption  spectrum  contains  too  strong  dark  bands 
of  less  refrangibility  than  the  D-line  of  the  solar 
spectrum ;  a  group  of  fine  lines  stretches  from  them 
close  up  to  D,  while  one  fine  line  is  quite  coincident 
with  D.  Up  to  this  point  the  constitution  of  this 
object  is  analogous  to  that  of  the  sun  and  the  stars; 
but  the  star  has  also  a  spectrum  consisting  of  bright 
lines,  which  denotes  the  presence  of  a  second  source 
of  light,  which  from  the  nature  of  the  spectrum 
(p.  105)  is  undoubtedly  an  intensely  luminous  gas. 


Fig.  181. 


Spectrum  of  the  Temporary  Star  T  Coronae  Borealis.    (15th  May,  1866.) 


Huggins  compared  the  spectrum  of  the  star  on 
the  17th  of  May  with  the  spectrum  of  hydrogen  gas 
produced  by  means  of  the  induction  spark  through 
a  Geissler's  tube,  and  found  that  the  strongest  of 
the  stellar  lines  2  was  coincident  with  the  greenish- 
blue  line  (H  j3,  Frontispiece  No.  7)  of  hydrogen  gas. 
Apparently,  also,  the  line  i  in  the  red  coincided  with 
the  H  a-line  of  hydrogen,  but  owing  to  the  waat  of 
brilliancy  of  the  line  the  coincidence  could  not  be 
ascertained  with  the  same  degree  of  certainty.  The 
great  brilliancy  of  these  lines,  compared  with  the 
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parts  of  the  continuous  spectrum  where  they  occur, 
proves  that  the  luminous  gas  was  at  a  higher  tem- 
perature than  the  photosphere  of  the  star. 

These  facts  taken  in  connection  with  the  sudden- 
ness of  the  outburst  of  light  in  the  star,  and  the 
immediate  very  rapid  decline  in  its  brightness  from 
the  second  down  to  the  eighth  magnitude,  have  led 
to  the  hypothesis  already  alluded  to,  that  in  conse- 
quence of  some  internal  convulsion  enormous  quan- 
tities of  hydrogen  and  other  gases  were  evolved, 
which  in  combining  wdth  some  other  elements  ig- 
nited On  the  surface  of  the  star,  and  thus  enveloped 
the  whole  body  suddenly  in  a  sheet  of  flame.  The 
ignited  hydrogen  gas  in  its  combination  with  some 
other  element  produced  the  light  characterized  by 
the  two  bright  bands  in  the  red  and  green ;  the  re- 
maining bright  lines,  among  which  those  of  oxygen 
might  have  been  expected,  were  not  coincident  with 
any  of  the  lines  of  this  gas.  The  burning  hydrogen 
gas  must  also  have  greatly  increased  the  heat  ot  the 
solid  matter  of  the  photosphere,  and  brought  it  into  a 
state  of  more  intense  incandescence  and  luminosity, 
which  may  explain  how  the  formerly  faint  star  could 
so  suddenly  assume  such  remarkable  brilliancy.  As 
the  liberated  hydrogen  gas  became  exhausted,  the 
flame  gradually  abated,  and  with  the  consequent 
cooling  the  photosphere  became  less  vivid,  and  the 
star  returned  to  its  original  condition. 

Against  this  t.ypothesis  ii  has  been  justly  ad- 
vanced that  a  sudden  development  of  hydrogen  in 
quantities  sufficient  to  occasion  the  phenomenon  of 
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the  outburst  of  a  star  is  a  very  unlikely  occurrence. 
To  which  it  may  be  added  that  the  spectrum  given 
by  the  star  was  not  that  of  burning  but  of  luminous 
hydrogen.*  Robert  Meyer  and  H.  J.  Klein  have, 
therefore,  expressed  the  opinion  that  the  sudden 
blazing  out  of  a  star  might  be  occasioned  by  the 
violent  precipitation  of  some  great  mass,  perhaps  of 
a  planet,  upon  a  fixed  star,  by  which  the  momentum 
of  the  falling  mass  would  be  changed  into  molecular 
motion,  or  in  other  words  into  heat  and  light.  It 
might  even  be  supposed  that  the  star  in  Corona, 
through  its  motion  in  space  may  have  come  in  con- 
tact with  one  of  the  nebulae  (§  67),  which  traverse 
in  great  numbers  the  realms  of  space  in  every  direc- 
tion, and  which  from  their  gaseous  condition  must 
possess  a  high  temperature.   Such  a  collision  would 

*  [The  spectrum  of  intensely  heated  hydrogen  would  be  the  same 
whatever  the  nature  of  the  source  of  the  heat.  The  suggestion 
of  combustion  being  possibly  present  was  made  in  consequence  of 
other  bright  lines  seen  in  the  spectrum  of  the  star.  We  now  know 
that  the  sun  is  surrounded  by  luminous  hydrogen,  and  therefore 
bright  lines  similar  to  those  seen  in  this  star  are  always  present 
in  the  solar  spectrum.  As  these  lines  are  faint  as  compared  with 
the  great  intensity  of  the  solar  photosphere,  they  do  but  render 
less  dark  the  Fraunhofer  lines  C  and  F,  and  are  not  ordinarily  seen 
as  bright  lines.  If  we  look  at  the  dark  part  of  a  solar  spot  where  the 
diminished  light  of  the  photosphere  is  not  able  to  overpower  that 
of  the  hydrogen,  these  bright  lines  may  become  visible.  Hence 
in  the  star  in  Corona  the  surrounding  hydrogen  must  have  had  a 
great  intensity  relatively  to  the  brightness  of  the  photosphere.  We 
now  know  that  a  similar  state  of  things  appears  to  be  permanent,  or 
at  least  of  not  a  very  temporary  character,  in  T  Cassiopeioe  and  a  few 
other  stars.  It  seems  upon  the  whole  probable  that  the  so-called 
new  stars  may  be  but  extreme  instances  of  the  periodical  variation 
of  light  which  we  observe  in  a  large  number  of  stars.] 
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necessarily  set  the  star  on  a  blaze,  and  occasion  the 
most  vehement  ignition  of  its  hydrogen. 

Rayet  and  Wolf,  who  examined  the  star  with 
a  large  telespectroscope  on  the  20th  of  May, 
when  between  the  fifth  and  sixth  magnitude,  con- 
firmed Huggins'  observations,  and  in  their  report  to 
Leverrier  expressed  their  independent  opinion  that 
the  new  star  owed  its  brilliancy  mainly  to  burning  (?) 
gases.  This  brilliancy,  as  was  to  be  expected,  de- 
creased faster  than  the  light  of  the  burning  gas  ; 
when  there  was  scarcely  any  trace  remaining  in  the 
spectroscope  of  the  continuous  spectrum  given  by 
the  photosphere,  the  four  bright  lines  were  still 
quite  brilliant.* 

It  must  not  be  forgotten  that  light,  though  an 
extremely  quick  messenger,  yet  occupies  a  cer- 
tain time  in  coming  to  us  from  a  star.  The  speed 
of  light  is  185,000  miles  in  a  second  ;  the  distance 
of  the  nearest  fixed  star  (a  Centauri)  is  about 
sixteen  billion  miles,  so  that  light  takes  about  three 
years  to  travel  from  this  star  to  us.  The  great 
physical  convulsion  which  was  observed  in  the  star 
in  Corona  in  the  year  1866  was  therefore  an  event 
which  had  really  taken  place  long  before  that  period, 
at  a  time  no  doubt  when  spectrum  analysis,  to  which 
we  are  indebted  for  the  information  we  obtained  on 
the  subject,  was  yet  quite  unknown. 

Secchi  has  recently  discovered,  while  examining 

*  [This  was  not  the  case  in  the  observations  of  the  Editor  :  he 
was  able  to  see  the  continuous  spectrum  when  the  bright  hues 
could  be  scarcely  distinguished.] 
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spectroscopically  the  variable  star  R  Geminorum, 
that  its  spectrum  showed  bright  hydrogen  lines  just 
as  they  appeared  in  the  spectrum  of  the  new  star 
T  Coronae.  The  star  gave  besides  other  bright 
bands,  the  most  important  of  which  coincide  with 
the  dark  bands  in  the  spectrum  of  a  Orionis  :  one 
group  lies  in  the  green  {b),  and  is  probably  due  to 
magnesium,  while  another  is  in  the  yellow,  and 
appears  to  be  either  the  sodium  D-line  or  else  the 
new  bright  line  D3  of  the  solar  prominences  (p.  396). 
The  observations  were  made  when  the  star  had 
reached  its  maximum  brightness  (somewhat  above 
the  seventh  magnitude)  :  the  great  interest  which 
attaches  to  this  phenomenon,  especially  to  the  ap- 
pearance of  the  same  bright  lines  that  characterize 
the  solar  prominences,  leads  us  to  hope  that  these 
observations  may  be  prosecuted  during  the  period 
of  variability  so  long  as  the  strength  of  the  light 
will  permit.    (Vide  p.  506.) 

66.  Influence  of  the  proper  Motion  of  the 
Stars  in  Space  upon  their  Spectra. 

In  §  58  the  principle  was  unfolded  which  in  its 
application  to  spectrum  analysis  enables  us  under 
certain  circumstances  to  determine  by  the  displace- 
ment of  the  spectrum  lines  of  a  star,  whether  it  be 
approaching  us  or  receding  from  us,  and  at  what 
speed  it  is  moving  in  space.  It  was  shown  that  the 
displacement  of  one  of  the  spectrum  lines  towards 
the  violet  indicated  that  the  wave-length  had  been 
shortened  in  its  passage  to  the  earth,  and  therefore 
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that  the  star  was  approaching  us  ;  a  displacement 
towards  the  red  showed,  on  the  contrar}^  that  the 
ether  waves  had  been  lengthened,  and  that  the  star 
was  therefore  receding  from  the  earth. 

Secchi,  who  was  the  first  to  enter  on  this  kind  of 
investigation,  directed  his  telescope  to  Sirius,  and 
placed  the  prism  of  the  spectroscope  so  that  the  dark 
F-line  was  exactly  coincident  with  the  direct  image 
of  the  star  :  he  then  turned  his  instrument  to  another 
fixed  star  of  the  same  type  in  which  the  F-line  was 
also  visible,  and  observed  it  narrowly  to  ascertain 
whether  this  line  were  also  coincident,  or  showed 
some  displacement.  His  instrument  did  not,  how- 
ever, prove  adequate  to  such  delicate  observations, 
and  the  results  obtained  were  not  decisive. 

By  the  aid  of  more  delicate  instruments,  and  an 
apparatus  better  adapted  for  such  measurements, 
Huggins  instituted  some  very  complete  investiga- 
tions on  this  subject.*  By  a  series  of  preliminary 
observations  he  first  established  that  a  strongly 
marked  dark  line  in  the  spectrum  of  Sirius  (Fig.  177) 
was  the  hydrogen  line  H/3.t    For  this  purpose  he 

♦  [Huggins'  observations  communicated  to  the  Royal  Society  in 
April,  1868,  were  made  quite  independently,  during  1867  and  the 
spring  of  1868,  and  nearly  completed,  before  the  statement  of 
Secchi's  work  in  the  same  direction  was  made  public  in  March 
1868.] 

t  [That  the  line  in  Sirius  belongs  to  hydrogen  was  shown  by  the 
observation  that  it  is  one  of  three  strong  lines  which  in  a  spectro- 
scope of  moderate  power  appear  to  be  exactly  coincident  with 
the  principal  lines  of  hydrogen.  It  was  only  when  a  much  more 
powerful  spectroscope  was  brought  to  bear  upon  the  star  that  the 
slight  displacement  described  in  the  text  was  detected.] 
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compared  the  dark  line  of  Sirius  in  the  usual  way 
with  the  H  |3-line  of  the  hydrogen  spectrum  formed 
from  a  Geissler's  tube,  which  is  coincident  with  the 
Fraunhofer  F-line  of  the  solar  spectrum,  and  also 
with  the  H  /3-line  of  hydrogen  when  under  atmo- 
spheric pressure.  Fig.  182  shows  the  position  of 
these  three  lines  in  relation  to  each  other  and  to  the 
line  in  Sirius.  While  the  comparison  lines  coincide 
exactly,  the  line  in  Sirius  is  displaced  a  little  towards 
the  red.  As  this  line  in  Sirius  appears  broader  than 
the  bright  hydrogen  line  HjS,  which  is  always  the 


Fig.  182. 


Displacement  of  the  P'-line  in  the  Spectrum  of  Sirius. 


case  with  this  line  when  the  gas  is  subjected  to  some 
pressure,  it  became  of  importance  to  determine 
whether  the  expansion  of  the  hydrogen  line  H  /3 
under  pressure  takes  place  unsymmetrically  or  on 
both  sides  equally.  In  the  first  case  it  is  obvious 
that  the  position  of  the  Sirius  line  could  not  be  re- 
garded as  a  displacement  due  to  motion,  but  merely 
as  an  expansion  occurring  on  one  side  only ;  in  the 
latter  case  the  bright  line  H  i3  ought  to  fall  exactly 
in  the  middle  of  the  broad  Sirius  line  if  merely  the 
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result  of  expansion,  and  a  displacement  had  not  taken 
place  at  the  same  time.  Huggins  found,  however, 
in  accordance  with  the  researches  of  Lockyer  and 
Frankland,*  that  when  the  hydrogen  line  H  /3  becomes 
expanded  from  an  increase  in  the  density  of  the  gas, 
this  widening  always  takes  place  on  both  sides 
equally,  and  the  middle  of  the  line  preserves  its 
position.  It  is  probable  that  the  expansion  of  the 
line  in  Sirius  may  arise  from  a  similar  cause,  but  at 
the  same  time  there  cannot  be  a  doubt  that  this 
whoh  line  suffers  a  displacement  towards  the  red  as  com- 
pared with  the  terrestrial  hydi^ogen  line. 

This  displacement  has  been  very  carefully  mea- 
sured by  Huggins,  who  found  that  the  displacement 
of  the  F-line  in  the  spectrum  of  Sirius  amounted  at 
the  time  of  observation  to  about  a  quarter  of  the 
distance  between  the  two  D-lines  The  difference, 
between  the  wave-lengths  of  these  two  D-lines  is 
4*36  (according  to  some  6)  millionths  of  a  millimetre; 
the  displacement  of  the  F-line  in  the  spectrum  of 
Sirius  corresponds  therefore  to  an  increase  in  the 
wave-length  of  O'  109  (oro*  1 5)  millionth  of  a  millimetre. 
If  the  velocity  of  light  be  taken  to  be  185,000  miles  in 
a  second,  and  the  wave-length  of  the  light  at  the  line 
F  to  be  486*50  millionths  of  a  millimetre,  then  the 
observed  displacement  of  the  line  in  Sirius  indicates 

*  [Frankland  and  Lockyer's  researches  were  not  published  until 
nearly  a  year  later,  in  February  1869.  Huggins'  experiments,  in 
confirmation  of  those  previously  made  by  Pliicker  and  Hittorf, 
were  contained  in  his  paper  laid  before  the  Royal  Society  in  April 
1868.] 
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a  recession  of  Sirius  from  the  earth  at  the  rate  of 
or  41  -4  miles  in  a  second. 

The  earth  has  evidently  some  share  in  the 
rapidity  of  this  motion.  In  the  yearly  circuit  round 
the  sun,  the  direction  of  the  earth's  motion  changes 
every  instant,  and  there  are  two  points  in  the  orbit 
separated  180°  one  from  another,  in  which  the  direc- 
tion of  motion  coincides  with  the  line  of  sight  from 
Sirius.  In  the  one  place  the  earth  is  approaching 
the  star,  in  the  other  it  is  receding  from  it :  while 
in  the  two  other  points  of  the  orbit  90°  from  the 
former  positions,  the  earth's  motion  is  at  right 
angles  to  the  star's  line  of  sight,  and  has  therefore 
no  influence  on  the  refrangibility  of  the  rays. 

At  the  time  that  Huggins  made  these  observations 
on  the  line  in  Sirius,  the  earth  was  moving  in  her 
course  away  from  the  star  at  the  rate  of  12  miles  in 
a  second ;  there  remains  therefore  for  the  proper 
motion  of  Sirius  a  movement  of  recession  from  the 
earth  amounting  to  29*4  miles  in  a  second.* 

Similar  observations  to  those  on  Sirius  were  at- 
tempted by  Huggins  on  a  Canis  Minoris,  Castor, 
Betelgeux,  Aldebaran,  and  some  other  bright  stars; 
but  in  consideration  of  the  extreme  delicacy  of  the 
investigations,  and  the  few  opportunities  afforded  by 
this  climate  of  a  sky  of  sufficient  purity,  this  careful 
observer  thinks  it  desirable  to  repeat  the  observa- 
tions before  giving  them  to  the  world,  f 

*  [If  the  probable  advance  of  the  sun  in  space  be  taken  into 
account,  the  motion  of  Sirius  would  be  reduced  to  about  26  miles.] 

t  [The  necessary  spectrum  apparatus  is  not  yet  completed  for 
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When  it  is  remembered  that  by  employing  the 
requisite  number  of  prisms  for  producing  a  suffi- 
ciently long  stellar  spectrum,  the  light  is  so  much 
weakened  that  an  exact  comparison  of  the  dark 
lines  of  the  stellar  spectrum  with  the  bright  lines 
of  a  terrestrial  element  is  rendered  extremely  diffi- 
cult ;  and  when  it  is  further  borne  in  mind  that  many 
dark  lines  in  the  stellar  spectrum  are  ill  defined  at 
the  edges,  and  often  like  the  F-line  in  the  spectrum 
of  Sirius  somewhat  weak  and  of  var}ang  breadth,  we 
must  certainly  not  place  more  than  a  conditional 
reliance  upon  the  results  of  such  observations,  which 
are  admitted  even  by  Huggins  to  be  attended  with 
some  uncertainty. 

With  a  just  appreciation  of  the  great  difficulties 
connected  with  the  measurement  of  such  exceedingly 
small  lineal  displacements  as  might  possibly  occur 
in  the  stellar  spectra,  Zollner  has  endeavoured  to 
construct  a  spectroscope  with  such  an  arrangement 
as  shall  double  the  amount  of  this  displacement, 
without  diminishing  at  the  same  time  the  brightness 
of  the  spectrum. 

The  construction  of  this  new  instrument,  called  by 

Zollner  the  Reversion  Spectroscope,*  is  as  follows. 

The  line  of  light  formed  by  a  slit  or  a  cylindrical 

lens  is  brought  into  the  focus  of  a  lens  which,  as  in 

the  continuance  of  these  observations  with  the  larger  telescope 
now  at  his  command.] 

*  Ueber  ein  neues  Spectroskop,  nebst  Beitragen  7Air  Spectral- 
analyse  der  Gestirne,  von  J.  C.  F.  Zollner.  (Berichte  der  Konigl. 
Sachs.  Gesellschaft  der  Wissenchaften  zu  Leipzig,  vom  6  Febr. 
1869.) 
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all  Spectroscopes,  at  once  renders  the  diverging  rays 
parallel.  The  rays  then  pass  through  two  of  Amici's 
direct-vision  compound  prisms,  which  are  fastened 
near  to  one  another  in  such  a  manner  that  their 
horizontal  reflecting  angles  are  placed  at  opposite 
sides,  so  that  each  one  transmits  half  of  the  pencil 
of  rays  issuing  from  the  collimating  lens,  thus  de- 
composing the  whole  of  the  rays  into  two  spectra, 
which  are  sent  in  opposite  directions.  The  object- 
glass  of  the  telescope,  which  unites  the  rays  again 
into  one  image,  is  divided  in  a  direction  perpen- 
dicular to  the  horizontal  position  of  the  reflecting 
angles  of  the  prisms,  and  each  half  is  capable  of 
micrometrical  movement  both  in  a  parallel  and 
perpendicular  direction  to  the  line  of  separation. 
In  this  way  it  is  possible  to  bring  the  lines  of  the 
one  spectrum  successively  into  coincidence  with 
the  lines  of  the  other,  as  well  as  to  place  the  two 
spectra  at  will  either  in  exact  juxtaposition,  so  that 
one  can  be  moved  up  and  down  the  other  in  the 
manner  of  a  vernier,  or  else  brought  partially  one 
over  the  other.  By  this  construction  not  only  is  the 
delicate  and  very  sensitive  method  of  a  double  image 
made  use  of  for  estimating  any  change  of  wave- 
length in  the  spectrum  lines,  but  every  such  change 
is  doubled  from  its  influence  being  exerted  in  an 
opposite  direction  in  each  spectrum. 

Zollner  was  able  to  determine  with  the  reversion 
spectroscope  the  distance  between  the  D-lines  in  the 
solar  spectrum  with  a  probable  error  of  only  of 
that  distance  :  were  the  distance  between  the  source 
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of  light  and  the  observer  to  change  at  the  rate  of 
sixteen  miles  in  a  second  (the  mean  velocity  of  our 
earth),  it  would  occasion  in  Zollner's  instrument  a 
displacement  of  the  spectrum  lines  amounting  to 
one-fifth  of  the  distance  between  the  D-lines,  a 
quantity  nearly  forty  times  greater  than  the  sup- 
posed error  of  the  instrument. 

The  reversion  spectroscope  promises  not  only  to 
remove  any  remaining  doubts  as  to  the  displacement 
of  the  dark  lines  being  the  indication  of  motion  in 
the  heavenly  bodies,*  but  also,  as  Zollner  has 
pointed  out,  to  procure  for  us  more  certain  results 
concerning  the  speed  of  rotation  of  the  sun,  and  to 
separate  the  lines  of  the  solar  spectrum  produced  by 
the  absorption  of  the  earth's  atmosphere  from  those 
originating  in  the  sun  itself,  since  it  is  evident  that 
such  a  displacement  can  occur  only  in  the  latter. 

67.  Spectra  of  Nebula  and  Clusters. 

We  now  come  to  treat  of  the  remotest  realms 
of  the  Universe,  those  regions  of  stellar  clusters  and 
nebulae  which  can  only  be  reached  by  means  of  the 

*  [As  two  spectra  have  to  be  formed  from  the  Hght  of  a  star,  the 
brightness  of  each  spectrimi  will  be  reduced  to  one-half  The 
reversion  spectroscope  may  be  found  of  value  for  the  obsers'ation 
of  bright  objects,  but  it  scarcely  seems  to  be  so  well  adapted 
for  stellar  work.  Zollner  has  succeeded  with  this  instrument  in 
detecting  the  change  of  refrangibility  due  to  the  sun's  rotations. 
He  has  hence  proposed  a  simpler  form  of  the  principle  of 
reversion,  which  can  be  applied  to  any  spectroscope.  The  object- 
glass  of  the  telescope  of  the  spectroscope  is  divided,  and  in  front 
of  one  half  a  right-angled  prism  is  placed,  which  reverses  the 
spectrum  seen  through  it  by  reflection.] 
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most  powerful  telescopes.  When  the  starry  heavens 
are  viewed  through  a  telescope  of  moderate  power, 
a  great  number  of  stellar  clusters  and  faint  nebu- 
lous forms  are  revealed  against  the  dark  back- 
ground of  the  sky  which  might  be  taken  at  first 
sight  for  passing  clouds,  but  which,  by  their  un- 
changing forms  and   persistent  appearance,  are 
proved  to  belong  to  the  heavenly  bodies,  though 
possessing  a  character  widely  differing  from  the 
point-like  images  of  ordinary  stars.    Sir  William 
Herschel  was  able,  with  his  gigantic  forty-foot 
telescope,  to  resolve  many  of  these  nebulae  into 
clusters  of  stars,  and  found  them  to  consist  of  vast 
groups  of  individual  suns,  in  which  thousands  of 
fixed  stars  may  be  clearly  separated  and  counted,  but 
which  are  so  far  removed  from  us  that  we  are  unable 
to  perceive  their  distance  one  from  the  other,  though 
that  may  really  amount  to  many  millions  of  miles, 
and  their  light,  with  a  low  magnifying  power,  seems 
to  come  from  a  large  faintly  luminous  mass.  But 
all  nebulae  were  not  resolvable  with  this  telescope, 
and  in  proportion  as  such  nebulae  were  resolved 
into  clusters  of  stars,  new  nebulae  appeared  which 
resisted  a  power  of  6,000,  and  suggested  to  this 
astute  investigator  the  theory  that,  besides  the  many 
thousand  apparent  nebulae  which  reveal  themselves 
to  us  as  a  complete  and  separate  system  of  worlds, 
there  are  also  thousands  of  real  nebulae  in  the 
Universe  composed  of  primeval  cosmical  matter  out 
of  which  future  worlds  were  to  be  fashioned. 

Lord  Rosse,  by  means  of  a  telescope  of  fifty-two 


534 


SPECTRUM  ANALYSIS. 


feet  focus  of  his  own  construction,  was  able  to  re- 
solve into  clusters  of  stars  many  of  the  nebulae  not 
resolved  by  Herschel ;  but  there  were  still  revealed 
to  the  eye,  thus  carried  further  into  space,  new 
nebulae  beyond  the  power  even  of  this  gigantic  tele- 
scope to  resolve. 

Telescopes  failed,  therefore,  to  solve  the  question 
whether  the  unresolved  nebulae  are  portions  of  the 
primeval  matter  out  of  which  the  existing  stars 


Fig.  183. 


• 

The  great  Nebula  in  Orion. 


have  been  formed  ;  they  leave  us  in  uncertainty  as 
to  whether  these  nebulae  are  masses  of  luminous 
gas,  which  in  the  lapse  of  ages  would  pass  through 
the  various  stages  of  incandescent  liquid  (the  sun 
and  fixed  stars),  of  scoriae  or  gradual  formation  of 
a  cold  and  non-luminous  surface  (the  earth  and 
planets),  and  finally  of  complete  gelation  and  tor- 
pidity (the  moon),  or  whether  they  exist  as  a  com- 
plete and  separate  system  of  worlds ;  telescopes 
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have  only  widened  the  problem,  and  have  neither 
simplified  nor  solved  its  difficulties. 

That  which  was  beyond  the  power  of  the  most 
gigantic  telescopes  has  been  accomplished  by  that 
apparently  insignificant,  but  really  delicate,  and 
almost  infinitely  sensitive  instrument — the  spectro- 
scope ;  we  are  indebted  to  it  for  being  able  to  say 


Fig.  184. 

Smith 


JNorth. 

Central  and  most  brilliant  portion  of  the  great  Nebula  in  the  Sword-handle  of 
Orion,  as  observed  by  Sir  John  Herschel  in  his  20-foot  Reflector  at  Feld- 
hausen,  Cape  of  Good  Hope  (1834  to  1837). 

with  certainty  that  luminous  nebulae  actually  exist 
as  isolated  bodies  in  space,  and  that  these  bodies 
are  luminous  masses  of  gas. 

The  splendid  edifice  already  planned  by  Kant  in 
his  "  AUgemeinen  Naturgeschichte  und  Theorie  des 
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Himmels"  (1755).  and  erected  by  Laplace*  forty- 
one  years  later,  has  received  its  topmost  stone 
through  the  discoveries  of  the  spectroscope.  The 
spectroscope,  in  combination  with  the  telescope, 
affords  means  for  ascertaining  even  now  some  of 
the  phases  through  which  the  sun  and  planets 
have  passed  in  their  process  of  development  or 
transition  from  masses  of  luminous  nebulae  to  their 
present  condition. 

Fig.  185. 


The  large  Magellanic  Cloud. 

Great  variety  is  observed  in  the  forms  of  the 
nebulae  :  while  some  are  chaotic  and  irregular, 
and  sometimes  highly  fantastic,  others  exhibit  the 
pure  and  beautiful  forms  of  a  curve,  a  crescent,  a 
globe,  or  a  circle.  A  number  of  the  most  charac- 
teristic of  these  forms  have  been  photographed  on 

*  Exposition  du  systeme  du  Monde.  (1799.) 
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g"la$s  at  the  suggestion  of  Mr.  Huggins ;  to  these 
have  been  added  a  few  others,  taken  from  accurate 
drawings  by  Lord  Rosse ;  *  and  they  may  all  be  pro- 
jected on  to  a  screen  by  means  of  the  electric  or  lime- 
light lantern,  and  made  visible  to  a  large  audience. 

The  largest  and  most  irregular  of  all  the  nebulae 
is  that  in  the  constellation  of  Orion  (Figs.  183,  184). 


Fig.  186. 


Nebula  of  the  form  of  a  Sickle.    (H.  3239.) 


It  is  situated  rather  below  the  three  stars  of  second 
magnitude  composing  the  central  part  of  that  mag- 
nificent constellation,  and  is  visible  to  the  naked  eye. 

*  Observations  on  the  Nebulae  ;  by  the  Earl  of  Rosse.  London, 
1850.  On  the  Construction  of  Specula  of  Six-feet  Aperture,  and  a 
Selection  from  the  Observations  of  Nebulse  made  with  them  ;  by 
the  Earl  of  Rosse.    London,  1862.    Compare  Madler  in  Wester- 
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It  is  extremely  difficult  to  execute  even  a  tolerably 
correct  drawing  of  this  nebula ;  but  it  appears,  from 
the  various  drawings  made  at  different  times,  that 
a  change  is  taking  place  in  the  form  and  position 
of  the  brightest  portions.  Fig.  1 84  represents  the 
central  and  brightest  part  of  the  nebula.  Four 
bright  stars,  forming  a  trapezium,  are  situated  in  it, 
one  of  which  only  is  vicible  to  the  naked  eye.  The 


Fig.  187. 


Spiral  Nebula.    (H.  II73-) 


nebula  surrounding  these  stars  has  a  flaky  appear- 
ance, and  is  of  a  greenish-white  colour ;  single  por- 
tions form  long  curved  streaks  stretching  out  in  a 
radiating  manner  from  the  middle  and  bright  parts. 

mann's  Monatsheften,  xii.,  182.— The  glass  photographs  can  be 
procured  from  W.  SchcUen,  Kevelaer  (Rhenish  Prussia),  [and  of 
Mr.  Ladd,  Beak  Street,  Regent  Street,  London]. 
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Much  less  irregularity  is  apparent  in  the  great 
Magellanic  or  Cape  clouds  (Fig.  185),  which  are 
two  nebula  in  the  southern  hemisphere,  one  of 
them  exceeding  by  five  times  the  apparent  size  of 
the  moon.  They  are  distinctly  visible  to  the  naked 
eye,  and  are  so  bright  that  they  serve  as  marks  for 
reconnoitring  the  heavens,  and  for  reckoning  the 
hour  of  the  night. 


Fig.  188. 


Spiral  Nebula  in  Canes  Venatici.    (H.  1622.) 


The  interest  aroused  by  these  irregular  and 
chaotic  nebulous  forms  is  still  further  increased  by 
the  phenomena  of  the  spiral  or  convoluted  nebulae 
with  which  the  giant  telescopes  of  Lord  Rosse  and 
and  Mr.  Bond  have  made  us  further  acquainted. 
As  a  rule,  there  streams  out  from  one  or  more 
centres  of  luminous  matter  innumerable  curved 
nebulous  streaks,  which  recede  from  the  centre  in  a 
spiral  form,  and  finally  lose  themselves  in  space. 
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Fig.  1 86  represents  a  nebula  in  the  form  of  a  sickle 
or  comet  tail  (Herschel,  No.  3239),  Fig.  187  a 
complete  spiral  (H.  1173),  and  Fig.  188  the  most 


Fig.  189. 


Transition  from  the  Spiral  to  the  Annular  Form. 


remarkable  of  all  the  spiral  nebulae  situated  in  the 
constellation  Canes  Venatici  (H.  1622). 

It  is  hardly  conceivable  that  a  system  of  such  a 
nebulous  form  could  exist  without  internal  motion. 


Fig.  190. 


Annular  Nebula  in  Lyra. 


The  bright  nucleus,  as  well  as  the  streaks  curving 
round  it  in  the  same  direction,  seem  to  indicate  an 
accumulation  of  matter  towards  the  centre,  with  a 
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gradual  increase  of  density,  and  a  rotatory  move- 
ment. But  if  we  combine  with  this  motion  the 
supposition  of  an  opposing  medium,  it  is  difficult  to 
harmonize  such  a  system  with  the  known  laws  of 
statics.  Accurate  measures  are,  therefore,  of  the 
highest  interest  for  the  purpose  of  showing  whether 
actual  rotation  or  other  changes  are  taking  place 
in  these  nebulse ;  but,  unfortunately,  they  are  ren- 

FiG.  191. 


".■4i->^?.'j,.__ 


Nebula  with  several  Rings.    (H.  854.) 

dered  extremely  difficult  and  uncertain  by  the  want 
of  outline,  and  by  the  remarkable  faintness  of  these 
nebulous  objects. 

The  transition  state  from  the  spiral  to  the  annu- 
lar form  is  shown  in  such  nebulae  as  the  one  repre- 
sented in  Fig.  189  (H.  604) ;  and  they  then  pass  into 
the  simple  or  compound  annular  nebula  of  which  a 
type  is  given  in  Fig.  190. 

The  space  within  most  of  these  elliptic  rings  is 
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Fig.  192. 


not  perfectly  dark,  but  is  occupied  either  by  a  dif- 
fused faint  nebulous  light,  as  in  Fig.  190,  or,  as  in 
most  cases,  by  a  bright  nucleus,  round  which  some- 
times one  ring,  sometimes  several,  are  disposed  in 

various  forms.  In 
Fig.  1 9 1  a  repre- 
sentation is  given  of 
a  compound  annular 
ebula  (H.  854),  with 
very  elliptic  rings  and 
bright  nucleus. 

According  as  the 
ring  has  its  surface 
or  its  edge  turned  to- 
wards us,  or  accord- 
ing as  our  line  of 
sight  is  perpendicular 
or  more  or  less  ob- 
liquely inclined  to  the 
surface  of  the  ring. 

Elliptical  Annular  Nebula.    (H.  1909.)    itS    form  apprOachcS 

jrj^_  that  of  a  circle,  a  ring, 

an  ellipse,  or  even  a 
straight  line.  Nebulae 
of  this  latter  kind  are 
represented  in  Fig. 
192  (H.  1909),  and  in 
Fig.  193  (H.  2621). 
When  an  elliptical 
ring  is  extremely 
elongated,  and  the  minor  axis  is  much  smaller  than 
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the  major  one,  the  density  and  brightness  of  the 
ring  diminishes  as  its  distance  from  the  central 
nucleus  increases ;  and  this  takes  place  to  such  a 
degree  sometimes,  that  at  the  furthest  points  of 
the  ring,  the  ends  of  the  major  axis,  it  ceases  to 
be  visible,  and  the  continuity  seems  to  be  broken. 
The  nebula  has  then  the  appearance  of  a  double 
nebula,  with  a  central  spot  as  represented  in  Fig.  194 
(H.  3501)  and  Fig.  195  (H.  2552). 

Those  nebulae,  which  appear  with  tolerably  sharply 
defined  edges  in  the  form  of  a  circle  or  slight 


Fig.  194.  Fig.  195. 


Double  Nebula.    (H.  3501.)  2552-) 


ellipse,  seem  to  belong  to  a  much  higher  stage  of 
development.  From  their  resemblance  to  those 
planets  which  shine  with  a  pale  or  bluish  light,  they 
have  been  called  planetaiy  nebulae  ;  in  form,  how- 
ever, they  vary  considerably,  some  of  them  being- 
spiral  and  some  annular.  Some  of  these  planetary 
nebulae  are  represented  in-  Figs.  196  (H.  838),  197 
(H.  464),  and  198  (H.  2241).  The  first  has  two 
central  stars  or  nuclei,  each  surrounded  by  a  dark 
space,  beyond  which  the  spiral  streaks  are  dis- 
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posed ;  the  second  has  also  two  nuclei,  but  without 
clearly  separable  dark  spaces ;  the  third  is  without 
any  nucleus,  but  shows  a  well-defined  ring  of  light. 
The  highest  type  of  nebulae  are  certainly  the 

Fig.  196. 


Planetary  Nebula  with  two  Stars.    (H.  838.) 

stellar  nebulae,  in  which  a  tolerably  well-defined 
bright  star  is  surrounded  by  a  completely  round 
disk  or  faint  atmosphere  of  light,  which  sometimes 

Fig.  197.  Fig.  198. 


Planetary  Annular  Nebula  with 
two  Stars.   (H.  464.) 


Planetary  Nebula.    (H.  2241.) 

fades  away  gradually  into  space,  at  other  times 
terminates  abruptly  with  a  sharp  edge.  Figs.  199 
(H.  2098)  and  200  (H.  450)  exhibit  the  most  striking 
of  these  very  remarkable  stellar  nebulae  :  the  first  is 
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surrounded  by  a  system  of  rings  like  Saturn,  with 
the  thin  edge  turned  towards  us ;  the  second  is  a 
veritable  star  of  the  eighth  magnitude,  and  is  not 
nebulous,  but  is  surrounded  by  a  bright  luminous 
atmosphere  perfectly  concentric.  To  the  right  of 
the  star  is  a  small  dark  space,  such  as  often  occurs 
in  these  nebulae,  indicating  perhaps  an  opening  in 
the  surrounding  atmosphere. 

We  have  now  passed  in  review  all  that  is  at 
present  known  of  the  nebulae,  so  far  as  their  appear- 
ance and  form  have  been  revealed  by  the  largest 


Fig.  199. 


Fig.  200. 


Planetary  Nebula.    (H.  2098.) 


Stellar  Nebula.    (H,  450.) 


telescopes.  The  information  as  yet  furnished  by  the 
spectroscope  on  this  subject  is  certainly  much  less 
extensive,  but  is  nevertheless  of  the  greatest  im- 
portance, since  the  spectroscope  has  power  to  reveal 
the  nature  and  constitution  of  these  remote  heavenly 
bodies.  It  must  here  again  be  remembered  that 
the  character  of  the  spectrum  not  only  indicates 
what  the  substance  is  that  emits  the  light,  but  also 
its  physical  condition.  If  the  spectrum  be  a  con- 
tinuous one,  consisting  of  rays  of  every  colour  or 
degree  of  refrangibility,  then  the  source  of  light  is 

35 
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either  a  solid  or  liqtoid  incandescent  body  ;  if,  on  the 
contrary,  the  spectrum  be  composed  oi  bright  lines 
only,  then  it  is  certain  that  the  light  comes  from 
luminous  gas  ;  finally,  if  the  spectrum  be  continuous, 
but  crossed  by  darJz  lines  interrupting  the  colours, 
it  is  an  indication  that  the  source  of  light  is  a 
solid  or  liquid  incandescent  body,  but  that  the  light 
has  passed  through  an  atmosphere  of  vapours  at 
a  lower  temperature,  which  by  their  selective  ab- 
sorptive power  have  abstracted  those  coloured  rays 
which  they  would  have  emitted  had  they  been  self- 
luminous. 


Fig,  20I. 


Spectmm  of  Nebula.    (H.  4374.) 


When  Huggins  first  directed  his  telespectroscope 
in  August  1864  to  one  of  these  objects,  a  small  but 
very  bright  nebula  (H.  4374),  he  found  to  his  great 
surprise  that  the  spectrum  (Fig.  201),  instead  of 
being  a  continuous  coloured  band  such  as  that 
given  by  a  star,  consisted  only  of  three  bright  lines. 

This  one  observation  was  sufficient  to  solve  the 
long-vexed  question,  at  least  for  this  particular 
nebula,  and  to  prove  that  it  is  not  a  cluster  of  indi- 
vidual, separable  stars,  but  is  actually  a  gaseous 
nebula,  a  body  of  luminous  gas.  In  fact,  such  a 
spectrum  could  only  be  produced  by  a  substance  in 
a  state  of  gas;  the  light  of  this  nebula,  therefore, 
was  emitted  neither  by  solid  nor  liquid  incandescent 
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matter,  nor  by  gases  in  a  state  of  extreme  density, 
as  may  be  the  case  in  the  sun  and  stars,  but  by 
luminous  gas  in  a  highly  rarefied  condition. 

In  order  to  discover  the  chemical  nature  of  this 
gas,  Huggins  followed  the  usual  methods  of  com- 
parison, and  tested  the  spectrum  with  the  Fraunhofer 
lines  of  the  solar  spectrum,  and  the  bright  lines  of 
terrestrial  elements.  A  glance  at  Fig.  202  will  show 
at  once  the  result  of  this  investigation.  The  brightest 

Fig.  202. 


Spectrum  of  Nebula  coinpared  with  the  Sun  and  some  Terrestrial  Elements. 

line  (i)  of  the  nebula  coincides  exactly  with  the 
brightest  line  (N)  of  the  spectrum  of  nitrogen, 
which  is  a  double  line.  The  faintest  of  the  nebular 
lines  (3)  also  coincides  with  the  bluish-green  hydro- 
gen line  H  or,  which  is  the  same  thing,  with  the 
Fraunhofer  line  F  in  the  solar  spectrum.  The 
middle  line  (2)  of  the  nebula  was  not  found  to 
coincide  with  any  of  the  bright  lines  of  the  thirty 
terrestrial  elements  with  which  it  has  been  compared ; 
it  lies  not  far  from  the  barium  line  B  a,  but  is  not 
coincident  with  it. 

The  question  why  the  characteristic  bright  lines 

35  A 
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of  these  gases  are  not  visible  in  the  spectrum  of  the 
nebula  has  long  occupied  the  attention  of  Huggins; 
and  lately  Frankland  and  Lockyer,  as  well  as  Secchi, 
have  devoted  themselves  to  this  subject.  It  has 
been  noticed  by  all  these  observers,  with  the  ex- 
ception of  Secchi,  that  when  a  Geissler's  tube  in 
which  either  hydrogen  or  nitrogen  has  been  made 
luminous  by  the  electric  spark  is  held  at  some 
distance  from  the  slit  of  the  spectroscope,  and  the 
spectra  viewed  a  good  way  off,  not  only  does  the 
double  line  of  nitrogen  appear  as  a  single  line,  but 
the  remaining  bright  lines  of  both  gases  entirely 
disappear,  with  the  exception  of  those  lines  which 
are  visible  in  the  spectrum  of  the  nebula. 

Frankland  and  Lockyer  have  further  shown  that 
the  spectrum  of  both  hydrogen  and  nitrogen  at  a 
low  temperature  and  under  slight  pressure  consists 
only  of  one  line  in  the  green,  from  which  it  follows 
that  the  temperature  of  the  nebida  is  lower  than  that  of 
our  sun.,  and  that  its  density  is  remarkably  small. 

Secchi,  whose  work  *'  Sulla  grande  nebulosa  di 
%  Orionis  "  contains  an  accurate  drawing  of  this 
nebula,  has  found  by  comparison  of  the  bright 
nitrogen  line  of  the  nebula  with  the  spectrum  of 
terrestrial  nitrogen,  that  it  corresponds  with  a  dark 
space  in  the  nitrogen  spectrum  of  I.  order,  while  it 
is  coincident  with  a  bright  line  in  the  spectrum  of 
11.  order."^    As  this  spectrum  of  II.  order  is  pro- 

*  [The  comparison  of  the  lines  of  this  nebula  with  the  lines 
of  the  spectrum  of  nitrogen  of  II.  order  was  originally  made  by 
Huggins  at  the  close  of  1864.J 
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duced  by  an  electric  spark  at  high  tension,  Secchi 
conchides  that  the  nebulous  mass  must  be  in  the 
same  condition  as  terrestrial  nitrogen  in  an  electric 
current  of  high  tension.  Wiillner  describes  this  con- 
dition as  that  of  a  high  temperature  (§§  31  and  32); 
Frankland  and  Lockyer  maintain,  on  the  contrary, 
that  the  spectra  of  II.  order,  composed  of  but  few 
bright  lines,  belong  to  a  lower  temperature  than  the 
continuous  spectra  of  I.  order.* 

Further  investigations  will  be  necessary  before  the 
true  connection  can  be  ascertained  between  the  ten- 
sion of  the  electric  current  and  the  temperature  and 
density  of  the  gas  brought  by  it  into  a  state  of 
luminosity  ;  or  before  evidence  can  be  supplied  as 
to  the  correctness  of  Huggins'  suggestion  that  there 
may  be  a  peculiar  absorptive  power  in  space,  by 
which  the  other  lines  present  in  terrestrial  hydrogen 
and  nitrogen  are  extinguished  in  the  transmission 
of  the  nebular  light  to  our  earth,  f 

*  Fresh  light  has  been  thrown  on  this  subject  by  the  recent 
investigations  of  Zollner,  "  Ueber  das  NordUchtspectrum,"  whose 
researches  on  the  analogy  between  the  light  emitted  by  the  Nebulae 
and  the  Aurora  Borealis  and  that  derived  from  Geissler's  tubes 
warrant  the  conclusion  that  the  temperature  of  the  glowing  gases 
in  the  Nebulae  must  be  in  general  comparatively  low,  while  in 
Geissler's  tubes,  on  the  contrary,  it  is  high. 

t  [The  early  experiments  of  Huggins  showed  that  in  respect  of 
the  gases  hydrogen  and  nitrogen,  when  the  intensity  of  their  light 
was  diminished  in  any  way,  as  by  the  removal  of  the  spark  from 
the  slit,  or  by  the  interposition  of  screens  of  neutral  tint  glass,  the 
line  in  each  gas  coincident  with  one  of  the  lines  of  the  nebula 
was  the  last  to  disappear.  At  present  we  have  no  certain  know- 
ledge of  the  state  of  things  in  the  nebulae,  whether  the  visibility 
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Besides  the  spectrum  containing  these  three 
bright  lines,  the  nebula  gave  also  a  very  faint  con- 
tinuous spectrum  (Fig.  201)  of  scarcely  perceptible 
width,  which  from  its  nature  could  proceed  only 
from  the  diffused' light  of  a  faintly  glowing  nucleus, 
either  solid  or  liquid,  or  from  faintly  luminous 
matter  in  the  form  of  a  cloud  of  solid  or  liquid 
particles. 

All  planetary  nebulae  yield  the  same  spectrum ; 
the  bright  lines  appear  with  considerable  intensity 
in  the  spectroscope,  and  are  of  sufficient  brilliancy 
to  compare  with  the  bright  lines  in  the  spectrum  of 
a  candle,  although  the  nebulae  may  not  be  brighter 
in  the  heavens  than  stars  of  the  ninth  magnitude.* 
The  reason  of  this  is  that  the  light  of  the  candle  is 
spread  out  into  a  continuous  spectrum,  while  that 
of  the  nebula  remains  concentrated  into  a  few  lines; 
the  principle  is  identical  with  that  by  which  the 
spectra  of  the  solar  prominences  have  been  since 

of  one  line  only  of  the  gases  composing  them  (in  a  few  nebulje 
a  second  line  of  hydrogen  near  G  is  seen)  is  due  to  the  diminution 
of  their  light  by  the  imperfect  transparency  of  interstellar  space 
through  which  the  light  has  passed,  or  to  their  original  feeble 
luminosity.  By  direct  comparison  with  the  Hght  of  a  candle 
Huggins  found  the  intrinsic  brilliancy  of  nebula  No.  462S  to  be 
equal  to  —5-^,  of  the  annular  nebula  in  Lyra  to  l^.,,  and  of  the 
Dumb-bell  nebula  to  of  the  intensity  of  the  flame  of  a  sperm 
candle  burning  160  grains  per  hour.  These  results  would  be 
affected  by  any  interstellar  absorption,  should  such  exist.] 

[Though  the  lines  of  the  nebulte  are  distinctly  visible  under 
favourable  circumstances,  the  terrestrial  lines  to  be  compared  with 
them  must  not  be  brilliant ;  when  an  induction  spectra  is  used,  the 
light  has  frequently  to  be  diminished  in  intensity  by  a  piece  of 
neutral  tint  glass.] 


SPECTRA  OF  NEBULJE  AND  CLUSTERS.       55 1 

observed  in  sunlight  simultaneously  with  the  greatly 
subdued  spectrum  of  daylight  (§57). 

During  the  years  1865  and  1866  more  than  sixty 
nebulae  were  examined  by  Huggins  with  the  spec- 
troscope, mainly  with  the  intention  of  ascertaining 
whether  those  which  were  clearly  resolvable  by  the 
telescope  into  a  cluster  of  bright  points  gave  a  con- 
tinuous spectrum,  or  one  composed  of  bright  lines. 
The  extreme  faintness  of  these  objects,  and  the  cir- 
cumstance that  investigations  of  this  kind  can  only 
be  carried  on  during  the  absence  of  the  moon  in 
very  clear  nights,  render  spectroscopic  observations 
of  these  heavenly  bodies  exceedingly  difficult,  and 
the  results  uncertain.*  It  is  only  by  observations  and 
measures  many  times  repeated,  especially  when  un- 
dertaken by  different  astronomers  at  various  places, 
that  the  disturbing  influences  may  in  course  of  time 
be  eliminated,  and  trustworthy  results  obtained. 

As  a  result  of  his  observations,  Huggins  divides 
the  nebulae  into  two  groups : 

1.  The  nebulae  giving  a  spectrum  of  one  or  more 
bright  lines. 

2.  The  nebulae  giving  a  spectrum  apparently  con- 
tinuous. 

*  [The  results  contained  in  the  following  table  may  be  accepted 
as  trustworthy  and  certain  so  far  as  they  go.  In  the  case  of  the 
nebulae,  which  give  a  spectrum  apparently  continuous,  it  is  uncer- 
tain whether  these  excessively  faint  spectra  contain  absorption 
lines.  The  uncertainty  stated  in  the  text  applies  rather  to  the 
much  larger  number  of  still  fainter  objects  observed  by  Huggins 
but  which,  on  account  of  this  uncertainty,  are  not  included  in  his 
published  observations.] 
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About  a  third  of  the  sixty  nebulae  observed  be- 
long to  the  first  group ;  their  spectrum  consists  of 
one,  two,  or  three  bright  lines ;  a  few  showing  at 
the  same  time  a  very  narrow,  faint,  continuous 
spectrum.  They  are  as  follows  ; — the  numbers  refer 
to  Sir  John  Herschel's  general  catalogue: 


No.  4373 

-      -      -   37H.  IV. 

No.  2102 

-    97  H  TV 

»  4390 

-     6  2. 

>> 

4214 

-    5  s. 

»  4514 

-    73  H.  IV. 

4403 

-    17  M. 

„  4510 

-    51  H.  IV. 

» 

4572 

-    16  H.  IV. 

„  4628 

-     I  H.  IV. 

4499 

-  38H.VI. 

»  4447 

Annular  nebula  in  Lyra 

55 

4827 

-  705  K.  II. 

»  4964 

-    18  H.  IV. 

55 

4627 

-  192  H.  I. 

»  4532 

-  Dumb-bell 

55 

385 

-    76  M. 

„    1 189 

-  Nebula  in  Orion 

55 

386 

-       -       -   193  H.  I. 

„  2102 

-    27  H.  IV. 

2343 

-    97  M. 

Clusters  and  nebulae  showing  a 

continuous  spec- 

trum  without  lines : 

No.  4294 

-   92  M. 

No.  4230 

-    13  M. 

4244 

-    50  H.  IV. 

55 

4238 

-    12  M. 

„  116 

Nebula  in  Andromeda 

55 

4244 

-    50  H.  IV. 

»  117 

-    32  M. 

55 

4256 

-    10  M. 

„  428 

-    55  Andromedae 

55 

4315 

-  199  H.  II. 

„  826 

-     2  H.  IV. 

55 

4357 

-    1 1  M. 

„  4670 

-    15  M. 

55 

4437 

-    1 1  M. 

„  4678 

-    18H.  V. 

55 

4441 

-       -       -   47  H.I. 

»  105 

-  151  H.  I. 

55 

4473 

Auwers  44 

»  307 

-  156  H.  I. 

55 

4885 

-    56  M. 

»  575 

-  156  H.  I. 

55 

4526 

2081  h. 

„  1949 

-    81  M. 

55 

4625 

-    52  H.  I. 

1950 

-    82  M. 

55 

4600 

-    1 5  H.  V. 

„  3572 

-    51  M. 

55 

4760 

-  207  H.  V. 

„  2841 

-       -       -  43H.V 

» 

4815 

-       -       -    53  H.I. 

„  3474 

-    63  M. 

55 

4821 

-  233  H.  II. 

»  3636 

-     3  M. 

55 

4879 

-  251  H.  II. 

„  4058 

-  215  H.  I. 

55 

4883 

-  212  H.  I. 

»  4159 

-  1945  h. 

The  glass  photographs  which  Huggins  has  had 
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prepared  from  drawings  of  some  of  the  most  inte- 
resting gaseous  nebulae  include  also  their  spectra 


Fig.  203. 


Planetary  Annular  Nebula  in  Aquarius,  with  Spectrum. 

of  lines,  so  that  both  can  be  exhibited  upon  the 
screen  at  the  same  time. 

Fig.  203  is  the  planetary  annular  nebula  in  Aqua- 

FiG.  204. 


Stellar  Nebula.    (H.  450.) 


rius,  from  a  drawing  made  by  Lord  Rosse  (Fig.  199) ; 
the  nebula,  the  ring  of  which  is  turned  edgeways 
towards  us,  gives  a  spectrum  of  three  bright  lines. 
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as  in  Fig.  201,  one  of  which  is  due  to  nitrogen,  and 
another  to  hydrogen. 

Fig.  204  represents  on  an  enlarged  scale  the 
same  nebula  that  has  been  already  given  from  one 
of  Lord  Rosse's  drawings  in  Fig.  200;  its  structure 
is  essentially  the  same  as  that  of  the  former  one — 
a  luminous  gaseous  mass  with  a  central  nucleus  of 
light,  and  surrounded  by  a  luminous  ring,  the  whole 
surface  of  which  being  turned  towards  us,  causes 


Fig.  205. 


Spiral  Nebula  (H.  4964),  with  Spectrum. 


the  nebula  to  assume  a  very  different  form.  The 
spectrum  also  consists  of  three  bright  lines. 

The  nebula  (H.  4964)  represented  in  Fig.  205,  will 
be  seen  at  a  glance  to  be  of  a  spiral  character ;  it 
is  remarkable  because  its  spectrum  contains  four 
bright  lines,  two  of  which  indicate  hydrogen  and 
one  nitrogen. 

The  spectrum  of  the  annular  nebula  in  Lyra  (H. 
4447),  Fig.  206,  consists,  on  the  contrar}',  of  only 
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one  bright  line,  that  of  nitrogen.  When  the  spec- 
troscope is  so  directed  to  the  nebula  that  the  slit 
cuts  straight  through  it,  the  bright  line  appears  to 
be  composed  of  two  brilliant  lines  corresponding  to 
the  upper  and  lower  segments  of  the  ring.  These 
two  lines  are  united  by  a  small  band,  which  shows 
that  the  faint  inner  portion  of  the  nebula  is  of  the 
same  substance  as  that  of  the  surrounding  ring. 
The  great  nebula  of  Orion  (Figs.  183  and  184) 


FiQ.  206. 


Annular  Nebula  in  Lyra,  w.th  Spectmm. 

has  been  the  subject  of  spectroscopic  investigations. 
Its  spectrum  consists  of  three  very  conspicuous 
bright  lines,  one  of  which  again  indicates  nitrogen 
and  another  hydrogen. 

Huggins  has  lately  repeated  his  former  observa- 
tions with  instruments  of  much  greater  power,  and 
compared  especially  these  two  lines  with  those  of 
the  terrestrial  gases,  under  circumstances  which 
gave  him  a  spectrum  four  times  the  length  of  the 
one  he  obtained  in  his  earlier  investigations.  The 
result  of  these  observations,  continued  for  several 
nights,  was  to  show  the  complete  coincidence,  even 
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in  this  greatly  extended  spectrum  of  the  nebular 
lines,  with  those  of  both  gases,  so  that  there  can  be 
no  remaining  doubt  as  to  the  identity  of  the  lines. 

Recently  a  fourth  line  has  been  seen  in  this 
nebula  by  Captain  Herschel  in  India,  by  Lord 
Rosse,  and  also  by  Professor  Winlock,  of  Harvard 
Observatory — the  same  line  which  Huggins  had 
before  observed  in  the  nebula  H.  4964  (Fig.  205), 
and  which  belongs  apparently  to  hydrogen.  It  has 
been  suggested  by  the  last-named  observer  that 
very  probably  other  faint  lines  exist  in  this  spec- 
trum which  can  only  be  revealed  by  more  powerful 
instruments. 

All  actual  clusters  of  stars,  separable  by  the 
telescope  into  individual  bright  points,  give  a  con- 
tinuous spectrum,  without  either  gaps  or  bright 
lines.  There  are,  however,  some  instances  where 
resolvable  nebulae — the  cluster  in  Hercules,  for 
example — give  different  and  peculiar  spectra,  con- 
sisting of  bands  and  dark  lines.*  It  would  there- 
fore be  interesting  to  inquire  how  far  and  in  what 
manner  the  classification  of  nebulae,  as  given  by 
the  spectroscope,  is  in  accordance  with  the  classifi- 
cation made  by  the  telescope. 

This  information  is  given  in  the  following  table, 
drawn  up  by  Lord  Oxmantown,!  by  whom  a  revi- 

*  [The  spectrum  of  this  cluster  ends  abruptly  in  the  orange 
at  about  the  position  of  D.  The  spectrum  appears  unequal  in 
brilliancy,  which  suggests  the  presence  of  bright  or  dark  lines,  but 
no  lines  have  been  certainly  detected. — Fhil.  Trans.  1866,  p.  382.] 

t  [The  present  Earl  of  Rosse,  whose  successful  researches  on 
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sion  has  been  undertaken  of  all  the  observations 
made  with  his  father's  great  telescope  of  such  of 
the  nebulae  and  clusters  as  had  been  examined  by 


Huggins. 

Continuous  Spectrum  of 

Spectrum.  Lines. 

Clusters  10  o 

Resolved,  or  apparently  resolved       -       -    10  o 

Resolvable,  or  apparently  resolvable  -       -     5  6 

Blue  or  green,  no  resolvability    -       -       -     o  4 

No  resolvability  apparent  -      -      -       -     6  5 

31  15 

Not  observed  through  Lord  Rosse's  telescope  10  4 

Total      -      -      -    41  19 


Half  of  the  nebulae  giving  a  continuous  spectrum 
have  been  resolved  into  stars,  and  about  a  third 
more  are  probably  resolvable ;  while  of  those 
yielding  a  spectrum  of  lines,  not  one  has  been  cer- 
tainly resolved  by  Lord  Rosse.  Considering  the 
extreme  difficulty  attending  investigations  of  this 
kind,  there  is  scarcely  any  doubt  that  there  is  a  com- 
plete accordance  between  the  results  of  the  telescope 
and  spectroscope;  and  therefore  those  nebulae  giving 
a  continuous  spectrum  are  clusters  of  actual  stars, 
while  those  giving  a  spectrum  of  bright  lines  must 
be  regarded  as  masses  of  luminous  gas,  of  which 
nitrogen  and  hydrogen  form  the  chief  constituents. 

68.  Comets  and  their  Spectra. 

Besides  the  planets,  which,  already  cold  or  in 
process  of  cooling,  derive  their  light  from  the  in- 

the  heat  of  the  moon  give  promise  of  the  good  work  we  may 
expect  from  his  use  of  the  noble  instruments  now  in  his  hands.] 


558 


SPECTRUM  ANALYSIS. 


candescent  sun  round  which  they  revolve  in  their 
appointed  orbits,  all  travelling  nearly  in  one  plane 
among  the  fixed  stars  in  regular  progress  from  west 
to  east,  there  appear  from  time  to  time  certain  other 
wandering  stars  of  peculiar  aspect,  which,  from  their 
rapid  change  of  form  and  size,  their  fantastic  con- 
tour, and  their  brilliant  light,  usually  excite  the 
greatest  attention.  These  remarkable  visitors  are 
comets ;  and  though  their  laws  of  mot-ion  have  been 
well  ascertained,  yet  their  physical  constitution  has 
presented  greater  difficulties  to  astronomers  than 
even  that  of  the  nebulae.  When  they  first  become 
visible,  their  motion  is  evidently  round  the  sun,  but 
frequently  in  orbits  of  such  great  elongation  as  hardly 
to  be  called  elliptical,  travelling,  besides,  in  all  pos- 
sible planes  and  directions — sometimes,  like  the 
planets,  from  west  to  east,  sometimes  in  the  reverse 
way  from  east  to  west.  Several  of  these  extraor- 
dinary objects  move  ii.  closed  orbits  round  the  sun 
with  a  regular  period  of  revolution  ;  others  come 
quite  unexpectedly  from  the  regions  of  space  into 
our  system,  and  retreat  again  to  be  seen  no  more. 
The  periodic  comets  are  as  follows : — 


Period. 


Distance  from  the  Sun. 


Comet. 


Perihelion. 


Aphelion. 


Years. 


Miles. 


Encke's 
Winnecke's 


5if 

6^ 


289  Millions. 
69 


350  Millions. 


Brorsen's 
Biela's 
Faye's 
Halley's 


501 
516 

564 
543 
317s 
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While  these  comets  have  but  a  short  period, 
there  are  others,  such  as  the  comets  of  1858,  181 1, 
and  1844,  ttie  calculated  periods  of  which  amount 
respectively  to  2,100,  3,000,  and  100,000  years. 
Differences  of  quite  a  proportionate  magnitude  are 
observable  in  relation  to  the  points  of  nearest 
approach  to  and  greatest  distance  from  the  sun. 
Encke's  comet  is  twelve  times  nearer  the  sun  at  its 
perihelion  than  at  its  aphelion.  Some  of  them, 
with  an  orbit  extending  beyond  Jupiter,  approach 
so  close  to  the  sun  as  almost  to  graze  the  surface. 
Newton  estimated  that  the  comet  of  1680  came  so 


Fig.  207. 


Donati's  Comet  on  the  2nd  of  July,  1858. 

near  to  the  sun  that  its  temperature  must  have  ex- 
ceeded by  two  thousand  times  that  of  melted  iron. 
At  its  nearest  approach  it  was  removed  from  the 
sun  by  only  a  sixth  of  his  diameter.  The  comet  of 
1843,  also,  was  so  near  the  sun  at  its  perihelion  as 
to  be  seen  in  broad  daylight. 

Most  comets  exhibit  a  planetary  disk,  more  or 
less  bright,  which  is  called  the  nucleus,  and  this  is 
surrounded  by  a  fainter  cloudy  or  nebulous  en- 
velope, the  coma ;  the  nucleus  and  coma  form  the 
head  of  the  comet.  In  almost  all  comets  visible  to 
the  naked  eye,  there  streams  out  from  the  head  a 
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fan  of  light— the  tail,  consisting  of  one  or  more 
luminous  streaks,  which  vary  in  width  and  length, 
are  sometimes  straight,  sometimes  curved,  but 
almost  always  turned  away  from  the  sun,  forming 
the  prolongation  of  a  straight  line  connecting  the 
sun  and  the  comet.  While  telescopic  comets  are 
usually  without  a  tail,  which  causes  them  to  assume 
the  appearance  of  a  more  or  less  irregularly  shaped 
nebula  possessing  a  nucleus,  an  example  of  which 
is  given  in  Donati's  comet  (Fig.  207),  as  it  ap- 
peared when  first  seen  on  the  2nd  of  June,  1858, 
the  comet  of  July  1861  exhibited  two  tails  (Fig. 
208),  and  the  comet  of  1844  had  even  six. 


Fig.  208. 


July  Comet  on  the  3rd  of  July,  1861. 


Comets  are  transparent  in  every  part,  and  cause 
no  refraction  in  the  light  of  the  stars  seen  through 
them.  Bessel  saw  a  fixed  star  through  Halley's 
comet,  and  Struve  one  through  Biela's  comet, 
when  distant  only  a  few  seconds  from  the  centre  of 
the  nucleus,  which  passed  over  the  star  in  both  in- 
stances without  either  rendering  it  invisible  or  even 
perceptibly  fainter ;  from  accurate  measures  taken  at 
the  time,  and  the  calculated  motion  of  the  comet,  it 
was  evident  that  the  position  of  the  star  had  not 
been  changed  by  any  refraction  of  the  light. 
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Similar  observations  were  made  with  respect  to 
Donati's  comet  of  1858  (Fig.  209),  and  the  comet  of 
July  1 86 1  (Fig.  210).*  Close  to  the  head  of  the  for- 
mer, where  the  tail  at  its  commencement  was  about 
54,000  miles  in  thickness,  Arcturus  was  seen  to 
shine  with  undiminished  brightness ;  while  in  both 
comets  a  number  of  fixed  stars  appeared  in  full 
brilliancy  through  even  a  much  thicker  portion  of 
the  tail.  The  comet  of  1828  possessed  a  nucleus 
about  528,000  miles  in  diameter,  and  yet  Struve 
saw  a  star  of  the  eleventh  magnitude  through  it, 
a  fact  which  seems  to  justify  the  conclusion  of 

Fig.  209. 


Donati's  Comet  on  the  5th  of  October,  1858. 

Babinet,  drawn  from  his  own  observations,  that  a 
comet  has  no  influence  upon  the  light  of  a  star, 
and  that  stars  of  the  tenth  and  eleventh  magnitude, 
and  some  even  fainter,  may  be  seen  through  their 
greatest  mass  without  losing  in  the  smallest  degree 
either  their  light  or  their  colour. 

The  nucleus  of  a  comet  is  greatly  affected  both 
m  size  and  density  by  its  approach  to  the  sun  ;  but 
from  the  want  of  any  sharply  defined  edge  it  is  diffi- 
cult to  measure  its  diameter  with  any  accuracy.  The 
comets  of  1798  and  1805  each  possessed  a  nucleus 

See  Westermann's  Monatsheften,  V.,  p.  277,  and  XL,  p.  568. 
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the  diameter  of  which  was  twenty-two  and  twenty- 
six  miles  respectively ;  that  of  the  great  comet  of 
1811  attained  a  diameter  of  380  miles,  while  that 
of  1843  reached  4,680  miles,  and  the  comet  of  1845 
as  much  as  7,468  miles.  Donati's  comet  measured 
on  the  1st  of  September,  1858,  13,894  miles  in 
diam.eter;  while  on  the  25th  of  the  same  month  it 
did  not  exceed  1,526  miles. 

The  nebulous  envelope,  or  coma,  is  also  subject 

Fir..  210. 


» . 


July  Comet  on  the  2nd  of  July,  1861. 

to  changes  in  form  and  size,  according  as  the  comet 
approaches  or  recedes  from  the  sun.  It  might  be 
expected  that  the  coma  on  approaching  the  sun 
would  expand  and  become  rarefied  by  the  extreme 
heat;  but,  as  in  the  nucleus,  exactly  the  reverse 
has  often  been  observed.  In  Enckes  comet,  for 
instance,  in  the  year  1838,  the  diameter  of  the 
coma  on  the  9th  of  October  was  285,480  miles;  on 
the  25th  of  the  same  month  it  was  122,616  miles  ; 
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on  the  23rd  of  November  it  measured  39,302  miles ; 
and  on  the  17th  of  December  it  was  only  3,038 
miles. 

The  tail  is  a  prolongation  of  the  coma,  and  is  in 
most  cases  turned  away  from 
the  sun  (Fig.  211),  whether 
the  comet  be  approaching  or 
receding  from  the  sun  in  the 
course  of  its  orbit. 

A  drawing  by  Professor 
John  Miiller,  given  in  Fig. 
212,  shows  this  position  of 
the  tail  very  clearly.  In  the 
map  the  position  of  the  sun 
is  marked  on  the  lower  line  « 
to  the  right  for  the  27th  of  ... 
September,  and  the  8th  and  ^ 
14th  of  October,  and  these 
places  are  connected  by 
straight  lines  with  the  places 
of  the  comet  for  those  dates. 
The  tail  appears  always 
curved,  with  the  convex  side 
turned  towards  the  direction 
of  the  comet's  motion.  At 
the  same  time  this  preceding 
edge  is  much  more  sharply 
defined  than  the  concave  side,  just  as  if  some  resist- 
ing medium  had  impeded  the  advance  of  the  tail, 
and  forced  it  back.  But  the  tail  does  not  always 
maintain  this  position ;  comets  have  been  observed 
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where  the  tail  has  been  turned  towards  the  sun,  and 
others  again  possessed  several  tails,  all  turned  in 
opposite  directions. 


As  a  comet  approaches  the  sun,  the  tail  regu- 
larly increases,  from  which  it  appears  that  the  sun, 
whether  by  the  action  of  heat  or  other  means,  con- 
tributes essentially  to  the  formation  of  the  tail,  and 
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produces  a  separation  of  material  particles  from  the 
head  of  the  comet.  The  length  of  the  tail  is  rarely 
less  than  500,000  miles,  and  in  some  cases  it  ex- 
tends as  far  as  100,000,000  or  150,000,000  miles. 
The  breadth  of  the  tail  of  the  great  comet  of  1 8 1 1 
at  its  widest  part  was  nearly  14,000,000  miles,  the 
length  116,000,000;  and  that  of  the  second  comet 
of  the  same  year  even  140,000,000  miles.  And 
yet  the  formation  of  the  tail  takes  place  in  a  very 
short  space  of  time,  often  in  a  few  weeks,  or  even 
days. 


Fig,  213. 


July  Comet  on  the  30th  of  June  and  ist  of  July,  1861. 


The  influence  exercised  on  the  formation  of  the 
tail  by  its  approach  to  the  sun  was  shown  in  the 
comet  of  1680,  for  at  its  perihelion  it  travelled  at 
the  rate  of  1,216,800  miles  in  an  hour,  and  as  a 
consequence  put  forth  a  tail  in  two  days  54,000,000 
miles  in  length. 

It  is  easily  conceivable  that  under  such  circum- 
stances the  mass  of  a  comet  must  be  exceedingly 
small.  It  is  very  probable  that  our  earth  actually 
passed  on  the  30th  of  June,  1861,  through  part  of 
the  tail  of  the  magnificent  comet  called  the  July 
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comet  (Fig.  213),  which  suddenly  appeared  in  the 
heavens  as  if  by  magic  on  the  2gth  of  June,  and  no 
indication  of  such  a  contact  was  evinced  beyond  a 
peculiar  phosphorescence  in  the  atmosphere  which 
was  noticed  by  Mr.  Hind,  and  also  at  the  Liverpool 
Observatory.  In  the  same  way  the  comet  of  1776 
passed  among  the  satellites  of  Jupiter  without  dis- 
turbing their  position  in  the  slightest  degree.  This 
was  not  the  case,  however,  w4th  the  comet,  for  the 
influence  of  the  planet  was  so  great  on  its  small 
mass  as  to  send  it  quite  out  of  its  course  into  an 
entirely  new  orbit,  which  it  now  accomplishes  in 
about  twenty  years. 

We  must  now  consider  the   remarkable  phe- 
nomenon of  a  comet  being  divided  into  two  parts, 
each  part  becoming  a  separate  comet,  and  pursuing 
an  orbit  of  its  own.    Such  an  occurrence  happened 
to  Biela's  comet  while  under  observation  in  the  year 
1845.    When  observed  on  the  26th  of  November 
of  that  year,  it  appeared  as  a  faint  nebulous  spot, 
not  perfectly  round,   with  an   increased  density 
towards  the  middle.    On  the  19th  of  December  it 
was  rather  more  elongated,  and  ten  days  later  it  had 
become  divided  into  two  separate  cloudy  masses  of 
equal  dimensions,  each  furnished  with  a  nucleus  and 
tail,  and  for  three  months  one  followed  the  other  at  a 
distance  of  one-tenth,  subsequently  one-fifth,  of  the 
moon's  diameter.     The  pair  made  their  appearance 
again  in  August  1852,  after  having  travelled  together 
in  one  common  orbit  round  the  sun  for  more  than 
six  years  and  a  half ;  but  the  distance  between  them 
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had  much  increased,  and  from  154,000  miles,  it  had 
now  reached  1,404,000  miles.  Nor  is  this  all:  in 
conformity  with  its  known  period,  the  return  of  this 
comet  was  expected  in  the  year  1859,  and  again  in 
1866,  when  it  must  have  been  visible  from  the  earth, 
as  its  path  crossed  the  earth's  orbit  at  the  place 
where  the  earth  was  on  the  30th  of  November.  Not- 
withstanding the  most  diligent  search,  however, 
the  comet  could  not  be  found,  and  it  would  seem 
that  either,  like  Lexell's  comet,  it  has  been  drawn 
out  of  its  orbit  by  some  member  of  the  solar  system, 
or  else,  as  analogy  suggests,  it  has  ceased  to  be  a 
comet,  and  has  passed  into  some  other  form  of 
existence. 

We  must  enter  a  little  further  than  might  seem 
needful  for  our  purpose  into  the  important  phe- 
nomena observed  in  comets,  partly  by  the  naked 
eye,  but  more  especially  by  the  telescope,  in  order 
to  obtain  some  ground  for  answering  queries  as  to 
the  physical  nature  of  these  heavenly  bodies,  as  well 
as  to  acquire  a  standard  by  which  to  compare  the 
facts  collected  by  telescopic  ol  serv^ation  with  those 
gathered  by  spectrum  analysis. 

These  questions  are  directed  in  the  first  place  to 
the  consideration  of  whether  comets,  like  fixed  stars 
and  nebulae,  are  self-luminous,  or  whether,  like  pla- 
nets, they  shine  by  the  reflected  light  of  the  sun  ;  in 
the  second  place,  to  the  consideration  of  their  material 
composition  and  physical  constitution.  That  the 
nucleus  of  a  comet  cannot  be  in  itself  a  dark  and 
solid  body  such  as  the  planets  are,  is  proved  by  its. 
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great  transparency ;  but  this  does  not  preclude  the 
possibility  of  its  consisting  of  innumerable  solid  par- 
ticles separated  one  from  another,  which  when  illu- 
minated by  the  sun,  give  by  the  reflection  of  the 
solar  light  the  impression  of  a  homogeneous  mass. 
It  has  therefore  been  concluded  that  comets  are 
either  composed  of  a  substance  which,  like  gas  in  a 
state  of  extreme  rarefaction,  is  perfectly  transparent, 
or  of  small  solid  particles  individually  separated  by 
intervening  spaces  through  which  the  light  of  a  star 
can  pass  without  obstruction,  and  which,  held  toge- 
ther by  mutual  attraction,  as  well  as  by  gravitation 
towards  a  central  denser  conglomeration,  moves 
through  space  like  a  cloud  of  dust.  It  is  not  im- 
possible that  comets  without  a  nucleus  are  masses 
of  gas  at  a  white  heat,  of  similar  constitution  to  the 
nebulae,  while  those  possessing  a  nucleus  are  com- 
posed of  disengaged  solid  particles.  In  any  case, 
the  connection  lately  noticed  by  Schiaparelli  between 
comets  and  meteor  showers  seems  to  necessitate  the 
supposition  that  in  many  comets  a  similar  aggre- 
gation of  particles  exists. 

It  has  been  thought  that  the  polarization  of  light 
furnished  a  means  for  ascertaining  whether  the  light 
of  an  object  was  inherent  or  reflected;  and  supported 
by  the  observations  made  on  the  nuclei  of  comets 
for  this  purpose,  the  opinion  has  been  confidently 
expressed  that  comets  shine  by  reflected  light,  and 
not  by  any  light  of  their  own.  But  observations 
of  this  kind  are  in  no  way  decisive,  because  in  all 
polariscopes  diffused,  irregularly  reflected  light  ap- 
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pears,  just  as  little  polarized  as  that  given  out  by  an 
independent  source. 

Spectrum  analysis  could  at  once  answer  this 
question  were  a  comet  bright  enough  to  form  a 
complete  spectrum.  If  the  light  of  the  comet  were 
only  reflected  sunlight,  the  spectrum  would  then 
be  like  that  of  the  moon  and  planets,  a  continuous 
one  crossed  by  the  Fraunhofer  lines.  But  for  the 
formation  of  such  a  spectrum  a  very  narrow  slit  is 
necessary,  and  none  of  the  comets  which  have  ap- 
peared within  the  last  few  years  have  been  bright 
enough  to  allow  of  their  spectra  being  examined 
with  a  close  setting  of  the  slit.  On  this  point,  there- 
fore, the  question  remains  at  present  undecided. 

Donati,  at  Florence,  was  the  first  to  examine 
spectroscopically  the  light  of  comets  :  he  compared 
the  spectrum  of  the  comet  I.,  1864,  with  the  spectra 
of  metals  in  which  the  dark  places  were  wider  than 
the  luminous  parts,  and  he  found  that  the  entire 
spectrum  consisted  of  three  bright  lines. 

Tempers  comet  was  observed  in  January  1866 
by  Secchi  and  Huggins,  who  found  that  it  yielded 
a  continuous  spectrum  exceedingly  faint  at  the  two 
ends,  in  which  three  bright  lines  were  seen  by  the 
former  observer  and  only  one  by  Huggins.  The 
line  seen  by  both  observers  was  the  brightest,  and 
was  situated  about  half-way  between  b  and  F  of  the 
solar  spectrum.  Secchi' s  view  of  this  spectrum  is 
given  in  Fig.  214;  none  of  the  three  bright  lines 
coincided  with  those  of  the  nebula  in  Orion.  It 
appears  from  this  that  the  nucleus  is  at  least  parti- 
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ally  self-luminous,  and  is  composed  of  gas  in  a 
luminous  condition.  On  the  other  hand,  the  con- 
tinuous spectrum  proves  that  some  of  the  light  is 
reflected  sunlight,  for  it  cannot  be  admitted  that 
the  coma  is  formed  of  incandescent  solid  or  liquid 
particles. 

The  spectroscope  gives  no  information  as  to  the 
nature  or  condition  of  a  substance  from  which  we 
receive  only  reflected  light :  it  is  however  probable 
that  the  coma  and  tail  are  of  the  same  substance  as 
the  nucleus.  These  observations,  therefore,  yield 
no  further  result  than  that  a  gas  in  a  state  of  lumi- 
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Spectrum  of  Tempel's  Comet  (1866). 


nosity  is  present  in  the  comet,  but  that  at  the 
same  time,  either  from  this  gas  or  from  other 
portions  of  the  comet  which  are  non-luminous,  sun- 
light is  also  reflected. 

In  the  years  1866  and  1867  Huggins  observed  the 
spectra  of  two  small  comets,  and  found  them  to 
consist  of  a  continuous  spectrum,  as  well  as  of  one 
of  bright  lines.  The  light  of  these  comets  was 
therefore,  like  Tempel's  comet,  composed  partly  of 
reflected  light  and  partly  of  the  comet's  own  light. 

I  he  year  1868  brought  the  return  of  two  periodic 
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comets  of  greater  brilliancy,  the  comet  of  Brorsen 
(I.),  and  that  of  Winnecke  (II.) 

Brorsen's  comet  (I.,  1868)  had  in  the  telescope  the 
appearance  of  a  nearly  circular  nebula,  in  which  the 
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Si)ectra  of  Brorsen's  and  Winnecke's  Comets  compared  with  the  Spectra  of  the 

Sun,  Carbon,  and  the  Nebulje. 

brightness  rapidly  increased  towards  the  centre,  but 
in  which  the  existence  of  a  nucleus  was  doubtful ; 
there  was  only  the  faint  trace  of  a  tail,  or  more  pro- 
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perly  merely  a  slight  expansion  of  the  coma  on  the 
side  away  from  the  sun. 

Secchi  examined  this  comet  with  a  simple  direct- 
vision  spectroscope,  and  compared  the  spectrum  with 
that  of  Venus,  bringing-  the  planet  and  the  comet 
alternately  into  the  same  place  in  the  instrument. 

Huggins  observed  the  same  comet  from  the  2nd 
to  the  13th  of  May,  and  found,  with  Secchi,  that 
the  spectrum  (Fig.  215,  No.  5)  was  discontinuous, 
consisting  of  three  bright  bands ;  the  length 
showed  that  the  light  of  the  centre  of  the  head, 
as  well  as  that  of  the  coma,  had  entered  the  spec- 
troscope. The  brightest  band  of  light  was  the 
middle  one  in  the  green,  about  half-way  between 
the  Fraunhofer  lines  b  and  F.  When  the  sky  was 
very  favourable,  this  band  was  reduced  to  a,  single 
bright  line  of  the  apparent  width  of  the  comet's 
nucleus.*  The  second  band,  less  intense,  but  still 
very  bright,  was  situated  in  the  yellow-green,  nearly 
in  the  middle  of  the  space  between  the  Fraunhofer 
lines  b  and  D.  Occasionally  another  band  could  be 
traced  in  the  red,  but  it  was  difficult  to  fix  its  place. 
The  third  band  was  in  the  blue,  towards  the  violet, 
about  a  third  of  the  distance  between  F  and  G. 

An  extremely  faint  light,  not  shown  in  the  draw- 
ing, was  apparent  at  the  same  time  over  the  whole 
space  of  the  spectrum,  the  indication  of  a  very  faint 
continuous  spectrum. 

By  narrowing  the  slit,  these  luminous  bands 
could  not  be  resolved  into  lines,  which  is  the  case 

*  [Doubtful.] 
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with  the  bright  bands  of  the  nebulae ;  it  only  pro- 
duced a  weakening  of  the  bands  of  light  until  they 
completely  disappeared. 

The  spectrum  of  Bror- 
sen's  comet  bears  a 
great  resemblance  to 
that  observed  by  Dona- 
ti ;  but  it  differs  essen- 
tially from  the  spectrum 
of  a  nebula,  not  only  in 
its  character,  but  also 
in  the  position  of  the 
bands  of  light.  A  com- 
parison of  these  two 
spectra  (No.  5  and  No. 
7)  shows  this  at  a  glance. 

The  comet  II.,  1868, 
was  first  observed  on  the 
night  of  the  13th- 14th 
of  June,  by  Dr.  Win- 
necke,  in  Carlsruhe, 
and  soon  attained  suffi- 
cient brightness  to  be 
seen  by  the  naked  eye 
as  a  star  of  the  seventh 
or  eighth  magnitude. 
The  diameter  of  the 
coma,  including  the  extremely  faint  luminous  enve- 
lope, amounted  to  about  6'  20",  the  length  of  the 
tail  being  more  than  1°.  The  tail,  as  shown  in 
Fig.  216,  went  straight  out  from  the  coma,  and 
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seemed  to  have  no  connection  with  the  bright 
nucleus.  The  following  side,  that  turned  away 
from  the  direction  of  motion,  was  sharply  defined, 
while  the  other  side  gradually  lost  itself  in  space. 

When  Secchi  examined  the  comet  on  the  21st  of 
June  with  a  simple  spectroscope  without  a  slit,  the 
spectrum  was  seen  to  consist  of  three  brilliant 
bands  of  light,  the  brightest  of  which  was  in  the 
green,  another  less  bright  in  the  yellow,  and  the 
faintest  was  situated  in  the  blue.  When  this  in- 
strument was  exchanged  for  one  of  Hofmann's 
direct-vision  spectroscopes,  the  three  bands  were 
well  defined,  and  the  dispersed  light  had  disap- 
peared. On  comparing  the  position  of  these  lines 
with  those  exhibited  by  the  spectra  of  various 
metals,  it  was  found  that  the  middle  one  lay  very 
near  to  the  magnesium  line  b,  but  the  spectrum,  as 
a  whole,  could  not  be  brought  to  agree  with  that 
of  any  metal.  He  perceived,  however,  a  great 
resemblance  between  the  spectrum  of  the  comet 
and  that  of  carburetted  hydrogen,  w^hich  made  him 
conclude  that  the  light  from  the  self-luminous  part 
of  the  comet  was  produced  by  that  substance. 

Huggins  investigated  Winnecke's  comet  with  a 
spectroscope  consisting  of  two  prisms  of  60°,  and 
has  given  a  drawing  of  the  comet  (Fig.  216),  as 
well  as  of  its  spectrum,  together  with  the  spectra  of 
the  substances  with  which  it  was  compared.  In 
Fig.  215,  No.  4,  is  the  spectrum  of  the  comet ;  Xo.  2 
that  of  the  electric  spark,  in  olive  oil ;  No.  3 
the  electric  spark,  in  olefiant  gas  ;  No.  6  gives 
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the  principal  lines  of  some  of  the  substances 
brought  into  comparison  by  means  of  the  electric 
spark  (N.  =  nitrogen,  O.  =  oxygen,  H.  =  hydrogen, 
Mg.  =  magnesium,  Na.  =  sodium). 

The  apparatus  employed  by  Huggins  for  these 
comparisons  is  shown  in  Fig.  217.  The  olefiant  gas 
was  contained  in  the  glass  bottle  a,  from  whence  it 
flowed  through  the  tube  b,  into  which  were  soldered 
two  platinum  wires  e  and /.  At  the  place  where  the 
spark  was  to  pass  a  hole  was  bored  through  the  glass 
tube,  the  edges  of  the  opening  carefully  ground,  and 
the  opening  closed  by  a  smooth  plate  of  glass.  The 
light  of  the  glowing  gas  was  reflected  by  the  small 
mirror  c  on  to  the  reflecting  prism  in  the  interior  of 
the  tube,  by  which  it  was  thrown  on  to  the  lower 
half  of  the  slit,  while  the  light  of  the  comet  was 
received  upon  the  upper  half  By  this  means  the 
spectrum  of  the  olefiant  gas  produced  by  the  electric 
spark  was  brought  into  close  juxtaposition  with  the 
spectrum  of  the  comet,  so  as  to  admit  of  an  exact 
comparison. 

Secchi's  observations  have  been  completely  con- 
firmed by  those  of  Huggins;  the  spectrum  of  the 
comet  consisted  of  three  broad  bright  bands,  which 
were  sharply  defined  at  the  edge  towards  the  red, 
but  faded  away  gradually  on  the  opposite  side ; 
Huggins,  however,  did  not  succeed  in  resolving  the 
bands  into  sharp  lines,  but  the  middle  and  brightest 
band  appeared  to  commence  with  a  well-defined 
bright  line.  When  the  slit  was  placed  on  the  edge 
of  the  coma  the  three  bands  were  still  distinguishable, 
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but  when  the  slit  was  directed  to  the  fainter  light  of 
the  tail  the  spectrum  appeared  to  be  continuous. 

If  the  spectrum  of  the  comet  be  compared  with 
that  of  carbon  which  has  been  disengaged  from 
olive  oil  or  olefiant  gas  by  the  heat  of  the  electric 
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Huggins'  Apparatus  for  observing  the  Spectra  of  Hydrocarbons. 


spark,  there  is  no  great  resemblance  to  be  observed 
between  them  ;*  the  lines  of  hydrogen,  moreover, 

*  [This  statement  is  not  correct.  Huggins  found,  as  may  be  seen 
in  Fig.  215,  the  spectrum  of  this  comet  to  be  apparently  identical 
with  that  of  carbon  as  obtained  by  the  passage  of  the  induction 
spark  in  olefiant  gas,  not  only  in  the  position  in  the  spectrum  of  the 
bands,  but  also  in  their  general  characters  and  relative  brightness. 
The  spectrum  of  Brorsen's  comet,  as  shown  in  the  diagram  No.  5, 
does  not  agree  with  that  of  carbon.  The  spectrum  of  carbon  as 
obtained  when  the  spark  passes  in  olive  oil.  No.  2,  differs  from 
No.  3  only  in  that  the  bands  are  resolvable  into  fine  lines.  The 
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belonging  to  the  spectrum  of  olefiant  gas  are  not 
present  in  the  spectrum  of  the  comet. 

The  same  comet  was  spectroscopically  observed 
by  H.  M.  C.  Wolf  at  Paris.  It  was  remarked  also 
by  him  that  the  three  bright  bands  separated  from 
each  other  by  perfectly  dark  spaces  could  not  be 
condensed  into  lines  by  narrowing  the  slit,  and  thus 
the  spectrum  offered  no  analogy  to  that  of  a  nebula. 

The  spectrum  of  the  comet  I.,  1870  (Winnecke) 
was  examined  by  Wolf  and  Rayet ;  it  consisted,  like 
the  spectra  of  earlier  comets,  of  three  bright  bands 
which  spread  out  upon  a  continuous  spectrum.* 

bands  in  the  spectrum  of  the  comet  were  like  those  obtained  when 
olefiant  gas  is  used,  irresolvable  into  lines.  The  lines  of  the  other 
component  of  olefiant  gas,  hydrogen,  are  omitted  in  the  diagram. 
The  lines  of  hydrogen  were  not  visible  in  the  spectrum  of  the 
comet.  It  appears  to  be  right  to  consider  this  spectrum  of  bright 
bands  to  be  that  of  carbon,  and  not  that  of  any  stable  hydrocarbon, 
for  Huggins  found  the  same  bands,  together  with  the  lines  of 
nitrogen,  when  the  spark  was  taken  in  cyanogen,  and  a  spectrum 
essentially  the  same,  but  less  complete,  when  compounds  of 
carbon  with  oxygen  were  employed.] 

*  [Huggins  gives  the  following  description  of  the  spectrum  of 
Comet  I.,  1871  (Proceedings  R.  S.  1871)  : — 

"  On  April  7  a  faint  comet  was  discovered  by  Dr.  Winnecke. 
I  observed  the  comet  on  April  13  and  May  2.  On  both  days  the 
comet  was  exceedingly  faint,  and  on  May  2  it  was  rendered  more 
difficult  to  observe  by  the  light  of  the  moon  and  a  faint  haze  in 
the  atmosphere.  It  presented  the  appearance  of  a  small  faint 
coma,  with  an  extension  in  the  direction  from  the  sun.  When 
observed  in  the  spectroscope,  I  could  detect  the  light  of  the  coma 
to  consist  almost  entirely  of  three  bright  bands.  A  fair  measure 
was  obtained  of  the  centre  of  the  middle  band,  which  was  the 
brightest;  it  gives  for  this  band  a  wave-length  of  about  510  mil- 
lionths  of  a  millimetre.  I  was  not  able  to  do  more  than  estimate 
roughly  the  position  of  the  less  refrangible  band.    The  result 
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It  would  be  premature  to  draw  decisive  results 
from  these  comprehensive  but  as  yet  isolated  obser- 
vations. The  spectrum  of  the  three  bright  bands  is 
derived  unquestionably  from  the  light  of  the  comet's 
nucleus,  and  not  from  that  of  the  coma,  which  is  far 
too  faint  and  ill-defined  to  produce  such  a  spectrum; 
it  may  therefore  be  assumed  that  the  nucleus  is 
self-luminous,  and  that  it  is  very  possibly  composed 
of  glowing  gas  containing  carbon.  This  theory  has 
already  been  opposed  by  Prazmowski,  who  instituted 
some  experiments  on  light  reflected  from  faintly 
illuminated  strips  of  coloured  paper,  and  found  that 
the  spectrum  of  a  body  faintly  illuminated  by  the 
sun  presented  exactly  the  same  appearance  which 
was  observed  by  Secchi  and  Huggins  in  the  comet 
of  1 868  ;  the  spectrum  of  bands,  therefore,  given  by 
this  comet  is  not  a  proof  of  its  being  self-luminous, 
and  even  the  light  emitted  by  the  nucleus  may  also 
be  a  reflected  light.*  Secchi  maintains,  on  the  con- 
trary, that  the  dark  and  bright  absorption  bands 
which  are  seen  in  the  spectrum  of  light  reflected 
from  coloured  substances  never  have  those  sharp 
edges  which  are  observed  in  the  spectra  of  comets  ; 
in  his  fine  polariscope,  polarization  was  observed 

gives  545  millionths.  The  third  band  was  situated  at  about  the 
same  distance  from  the  middle  band  on  the  more  refrangible  side. 
It  would  appear  that  this  comet  is  similar  in  constitution  to  the 
comets  which  I  examined  in  i868."] 

*  [Prazmowski's  objection  is  untenable.  Huggins  has  remarked 
that  a  spectrum  of  bright  bands  might  be  given  by  a  gas  in  a 
fluorescent  state,  but  the  circumstance  of  the  coincidence  of  the 
cometary  spectrum  with  that  of  carbon  would  remain  unexplained.] 
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principally  in  the  coma,  and  scarcely  at  all  in  the 
nucleus,  which,  had  it  reflected  the  sun's  light,  would 
have  shown  the  greater  amount  of  polarization. 

By  collating  these  various  phenomena,  the  con- 
viction can  scarcely  be  resisted  that  the  nuclei  of 
comets  not  only  emit  their  own  light,  which  is  that 
of  a  glowing  gas,  but  also,  together  with  the  coma 
and  the  tail,  reflect  the  light  of  the  sun.  There 
seems,  therefore,  nothing  to  contradict  the  theory 
that  the  mass  of  a  comet  may  be  composed  of  minute 
solid  bodies  kept  apart  one  from  another  in  the  same 
way  as  the  infinitesimal  particles  forming  a  cloud 
of  dust  or  smoke  are  held  loosely  together,  and  that 
as  the  comet  approaches  the  sun  the  most  easily 
fusible  constituents  of  these  small  bodies  become 
wholly  or  partially  vaporized,  and  in  a  condition  of 
white  heat  overtake  the  remaining  solid  particles, 
and  surround  the  nucleus  in  a  self-luminous  cloud 
of  glowing  vapour.  Spectrum  analysis  will  not  be 
able  to  afford  any  more  certain  evidence  regarding 
the  physical  nature  of  comets  until  the  appearance 
of  a  really  brilliant  comet  which  can  be  examined 
in  the  various  phases  it  may  present. 

It  would  lead  us  too  far  from  our  purpose  were 
we  to  describe  more  minutely  the  extremely  interest- 
ing phenomena  which  the  telescope  has  revealed  of 
the  separation  of  cometic  matter,  and  the  gradual 
formation  of  the  coma  and  tail ;  *  nor  can  we  enter 
more  fully  here  into  the  causes  of  the  changes 

*  Madler,  "Die  Ausstriimungen  der  Kometen,"  in  Wester- 
mann's  Monatsheften,  vol.  vii.,  p.  392. 
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produced  in  the  form  of  a  comet  by  its  approach 
to  the  sun,  or  to  one  of  the  larger  planets ;  * 
but  we  cannot  pass  over  the  extremely  ingenious 
hypothesis  brought  forward  by  Professor  Tyndall 
before  the  Philosophical  Society  of  Cambridge,  on 
the  8th  of  March,  i869."t*  This  admirable  investi- 
gator had  already  proved,  by  a  series  of  interesting 
experiments,  that  concentrated  solar  light,  or  the 
electric  light,  decomposes  the  volatile  vapours  of 
many  liquids,  producing  almost  instantly  a  pre- 
cipitate of  cloudy  matter,  in  which  some  \^xy 
peculiar  phenomena  of  light  are  displayed.  The 
quantity  of  vapour  may  be  so  small  as  to  escape 
detection,  but  the  concentrated  light  falling  upon 
it  soon  forms  a  blue  cloud  from  the  moving  atoms 
of  vapour  which  now  become  visible,  and  appear, 
according  to  the  nature  of  the  vapour,  in  a  variety 
of  forms  as  precipitations  of  matter  on  the  beams 
of  light. 

It  is  very  striking  in  this  experiment  to  see  the 
astonishing  amount  of  light  that  an  infinitesimal 
amount  of  decomposable  vapour  is  able  to  reflect. 
When  the  electric  light  is  admitted  into  the  tube, 
nothing  is  to  be  seen  for  the  first  moment ;  but 
soon  a  blue  cloud  shows  itself,  which  is  formed  of 
almost  infinitely  small  particles,  either  of  vapour, 
or,  what  is  more  probable,  of  the  molecules  set  free 

*  Linder,  Theorie  des  Cometes  fondt^e  sur  la  seule  loi  de  I'attrac 
tion  universelle.    Les  Mondes,  xxi.,  p.  562. 

t  Philosophical  Transactions,  1870,  p.  323;  Philosophical 
Magazine,  1869,  No.  249  ;  Naturforscher,  ii.  No.  33. 
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by  its  decomposition,  and  after  some  minutes  the 
whole  tube  is  filled  with  this  blue  colour.  The 
vaporous  particles  gradually  augment  in  magnitude, 
and  after  some  time  (from  ten  to  fifteen  minutes)  a 
dens3  white  cloud  fills  the  tube,  which  discharges  so 
great  a  body  of  light  that  it  is  scarcely  conceivable 
how  so  small  a  quantity  of  matter  can  possibly 
reflect  so  much  light. 

"Nothing,"  says  Tyndall,  "could  more  perfectly 
illustrate  that  '  spiritual  texture'  which  Sir  John 
Herschel  ascribes  to  a  comet  than  these  actinic 
clouds.    Indeed,  the  experiments  prove  that  matter 
of  almost  infinite  tenuity  is  competent  to  shed  forth 
light  far  more  intense  than  that  of  the  tails  of 
comets."     Upon   these  facts   Tyndall   has  con- 
structed a  theory  which  offers  an  unforced  expla- 
nation of  many  of  the  phenomena  that  have  been 
observed,  as,  for  instance,  the  formation  and  motion 
of  the  tail,  etc.,  but  which  also  stands  in  complete 
contradiction  to  many  of  the  facts  discovered  by 
Schiaparelli. 

69.  Falling  Stars,  Meteor  Showers,  Balls  of 
Fire  and  their  Spectra. 

Whoever  has  observed  the  heavens  on  a  clear 
night  with  some  amount  of  attention  and  patience, 
cannot  fail  to  have  noticed  the  phenomenon  of  a 
falling  star,  one  of  those  well-known  fiery  meteors 
which  suddenly  blaze  forth  in  any  quarter  of  the 
heavens,  descend  towards  the  earth,  generally  with 
great  rapidity,  in  either   a   vertical  or  slanting 
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direction,  and  disappear  after  a  few  seconds  at  a 
higher  or  lower  altitude.    As  a  rule,  falling  stars 
can  only  be  seen  of  an  evening,  or  at  night,  owing 
to  the  great  brightness  of  daylight ;   but  many 
instances  have  occurred  in  which  their  brilliancy 
has  been  so  great  as  to  render  them  visible  in  the 
daytime,  as  well  when  the  sky  was  overcast  as 
when  it  was  perfectly  cloudless.     It  has  been  cal- 
culated that  the  average  number  of  these  meteors 
passing  through  the  earth's  atmosphere,  and  suf- 
ficiently bright  to  be  seen  at  night  with  the  naked 
eye,  is  not  less  than  seven  million  and  a  half  during 
the  space  of  twenty-four  hours,  and  this  number  must 
be  increased  to  four  hundred  million  if  those  be 
included  which  a  telescope  would  reveal.    In  many 
nights,  however,  the  number  of  these  meteors  is  so 
great  that  they  pass  over  the  heavens  like  flakes  of 
snow,  and  for  several  hours  are  too  numerous  to  be 
counted.    Early  in   the  morning  of  the   12th  of 
November,   1799,  Humboldt  and   Bonpland  saw 
before  sunrise,  w^hen  on  the  coast  of  Mexico,  thou- 
sands of  meteors  during  the  space  of  four  hours, 
most  of  which  left  a  track  behind  them  of  from  5° 
to  10°  in  length;  they  mostly  disappeared  without 
any  display  of  sparks,  but  some  seemed  to  burst, 
and  others,  again,  had  a  nucleus  as  bright  as  Jupiter 
which  emitted  sparks.    On  the  12th  of  November, 
1833,  there  fell  another  shower  of  meteors,  in  which, 
according  to  Arago's  estimation,  two  hundred  and 
forty  thousand  passed  over  the  heavens,  as  seen 
from  the  place  of  observation,  in  three  hours. 


METEORS  AND  THEIR  SPECTRA. 


583 


Only  in  very  rare  instances  do  these  fiery  sub- 
stances fall  upon  the  surface  of  the  earth  ;  when 
they  do,  they  are  called  balls  of  fire ;  and  occasion- 
ally they  reach  the  earth  before  they  are  completely 
burnt  out  or  evaporated ;  they  are  then  termed 
meteoric  stones,  aerolites,  or  meteoric  iron.  They 
are  also  divided  into  accidental  meteors  and 
meteoric  showers,  according  as  to  whether  they 
traverse  the  heavens  in  every  direction  at  random, 
or  appear  in  great  numbers  following  a  common 
path,  thus  indicating  that  they  are  parts  of  a  great 
whole. 

It  is  now  generally  received,  and  placed  almost 
beyond  doubt  by  the  recent  observations  of  Schia- 
parelli,  Le  Verrier,  Weiss,  and  others,  that  these 
meteors,  for  the  most  part  small,  but  weighing 
occasionally  many  tons,  are  fragmentary  masses, 
revolving,  like  the  planets,  round  the  sun,  which  in 
their  course  approach  the  earth,  and,  drawn  by  its 
attraction  into  our  atmosphere,  are  set  on  fire  by  the 
heat  generated  through  the  resistance  offered  by  the 
compressed  air. 

The  chemical  analysis  of  those  meteors  which 
have  fallen  to  the  earth  in  a  half-burnt  condition  in 
the  form  of  meteoric  stones  proves  that  they  are 
composed  only  of  terrestrial  elements,  which  present 
a  form  and  combination  commonly  met  with  in  our 
planet.  Their  chief  constituent  is  metallic  iron, 
mixed  with  various  silicious  compounds ;  in  com- 
bination with  iron,  nickel  is  always  found,  and 
sometimes  also  cobalt,  copper,  tin,  and  chromium  ; 
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among  the  silicates,  olivine  is  especially  worthy  of 
remark  as  a  mineral  very  abundant  in  volcanic 
rocks,  as  also  augite.  There  have  also  been  found 
in  the  meteoric  stones  hitherto  examined,  oxygen, 
hydrogen,  sulphur,  phosphorus,  carbon,  aluminium, 
magnesium,  calcium,  sodium,  potassium,  manga- 
nese, titanium,  lead,  lithium,  and  strontium. 

The  height  at  which  meteors  appear  is  very 
various,  and  ranges  chiefly  between  the  limits  of 
46  and  92  miles ;  the  mean  may  be  taken  at  66 
miles.  The  speed  at  which  they  travel  is  also 
various,  generally  about  half  as  fast  again  as  that 
of  the  earth's  motion  round  the  sun,  or  about  26 
miles  in  a  second :  the  maximum  and  minimum 
differ  greatly  from  this  amount,  the  velocity  of  some 
meteors  being  estimated  at  14  miles,  and  that  of 
others  at  107  miles  in  a  second. 

When  a  dark  meteorite  of  this  kind,  having  a 
velocity  of  1,660  miles  per  minute,  encounters  the 
earth,  flying  through  space  at  a  mean  rate  of  1,140 
miles  per  minute,  and  when  through  the  earth's  at- 
traction its  velocity  is  further  increased  230  miles  per 
minute,  this  body  meets  with  such  a  degree  of  re- 
sistance, even  in  the  highest  and  most  rarefied  state 
of  our  atmosphere,  that  it  is  impeded  in  its  course, 
and  loses  in  a  very  short  time  a  considerable  part  of 
its  momentum.  By  this  encounter  there  follows  a 
result  common  to  all  bodies  which  while  in  motion 
suddenly  experience  a  check.  When  a  wheel  re- 
volves very  rapidly,  the  axletree  or  the  drag  which 
is  placed  under  the  wheel  is  made  red-hot  by  the 
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friction.  When  a  cannon-ball  strikes  suddenly  with 
great  velocity  against  a  plate  of  iron,  which  constantly 
happens  at  target  practice,  a  spark  is  seen  to  flash 
from  the  ball  even  in  daylight;  under  similar  circum- 
stances a  lead  bullet  becomes  partially  melted.  The 
heat  of  a  body  consists  in  the  vibratory  motion  of 
its  smallest  particles;  an  increase  of  this  molecular 
motion  is  synonymous  with  a  higher  temperature ; 
a  lessening  of  this  vibration  is  termed  decreasing 
heat,  or  the  process  of  cooling.  Now,  if  a  body  in 
motion,  as  for  instance  a  cannon-ball,  strike  against 
an  iron  plate,  or  a  meteorite  against  the  earth's 
atmosphere,  in  proportion  as  the  motion  of  the 
body  diminishes  and  the  external  action  of  the 
moving  mass  becomes  annihilated  by  the  pressure 
of  the  opposing  medium  upon  the  foremost  molecules, 
the  vibration  of  these  particles  increases;  this  motion 
is  immediately  communicated  to  the  rest  of  the  mass, 
and  by  the  acceleration  of  this  vibration  through  all 
the  particles  the  temperature  of  the  body  is  raised. 
This  phenomenon,  which  always  takes  place  when 
the  motion  of  a  body  is  interrupted,  is  designated 
by  the  expression  the  convirsion  of  the  viotio7i  of  the 
mass  into  molecular  action  or  heat ;  it  is  a  law  without 
exception  that  where  the  external  motion  of  the  mass 
is  diminished,  an  inner  action  among  its  particles 
or  heat  is  set  up  in  its  place  as  an  equivalent, 
and  it  may  be  easily  supposed  that  even  in  the 
highest  and  most  rarefied  strata  of  the  earth's 
atmosphere,  the  velocity  of  the  meteorite  would  be 
rapidly  diminished  by  its  opposing  action,  so  that 


S86 


SPECTRUM  ANALYSIS. 


shortly  after  entering  our  atmosphere  the  vibration 
of  the  inner  particles  would  become  accelerated 
to  such  a  degree  as  to  raise  them  to  a  white  heat, 
when  they  would  either  become  partially  fused,  or 
if  the  meteorite  were  sufficiently  small,  it  would  be 
dissipated  into  vapour,  and  leave  a  luminous  track 
behind  it  of  glowing  vapours. 

Haidinger,  in  a  theory  embracing  all  the  phe- 
nomena of  meteorites,  explains  the  formation  of 
a  ball  of  fire  round  the  meteor  by  supposing  that 
the  meteorite,  in  consequence  of  its  rapid  motion 
through  the  atmosphere,  presses  the  air  before  it  till 
it  becomes  luminous.  The  compressed  air  in  which 
the  solid  particles  of  the  surface  of  the  meteorite 
glow  then  rushes  on  all  sides,  but  especially  over 
the  surface  of  the  meteor  behind  it,  where  it  encloses 
a  pear-shaped  vacuum  which  has  been  left  by  the 
meteorite,  and  so  appears  to  the  observer  as  a  ball 
of  fire.  If  several  bodies  enter  the  earth's  atmo- 
sphere in  this  way  at  the  same  time,  the  largest 
among  them  precedes  the  others,  because  the  air 
offers  the  least  resistance  to  its  proportionately 
smallest  surface  ;  the  rest  follow  in  the  track  of  the 
first  meteor  which  is  the  only  one  surrounded  by  a 
ball  of  fire.  When  by  the  resistance  of  the  air  the 
motion  of  the  meteor  is  arrested,  it  remains  for  a 
moment  perfectly  still;  the  ball  of  fire  is  extinguished, 
the  surrounding  air  rushes  suddenly  into  the  vacuum 
behind  the  meteor,  which,  left  solely  to  the  action 
of  gravitation,  falls  vertically  to  the  earth.  The 
loud  detonating  noise  usually  accompanying  this 
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phenomenon  finds  an  easy  explanation  in  the  violent 
concussion  of  the  air  behind  the  meteor,  while  the 
generally  received  theory  that  the  detonating  noise 
is  the  result  of  an  explosion  or  bursting  of  the 
meteorite  does  not  meet  with  any  confirmation. 

The  circumstance  that  most  meteors  are  extin- 
guished before  reaching  the  earth  seems  to  show 
that  their  mass  is  but  small.  If  the  distance  of  a 
meteor  from  the  earth  be  ascertained,  as  well  as 
its  apparent  brightness  as  compared  with  that  of  a 
planet,  it  is  possible,  by  comparing  its  luminosity  with 
that  of  a  known  quantity  of  ignited  gas,  to  estimate 
the  degree  of  heat  evolved  in  the  meteor's  combus- 
tion. As  this  heat  originates  from  the  motion  of 
the  meteor  being  impeded  or  interrupted  by  the  re- 
sistance of  the  air,  and  as  this  motion  or  momentum 
is  exclusively  dependent  on  the  speed  of  the  meteor 
as  well  as  upon  its  mass,  it  is  possible  when  the  rate 
of  motion  has  been  ascertained  by  direct  observa- 
tion to  determine  the  mass.  Prof.  Alexander  Her- 
schel  has  calculated  by  this  means  that  those  meteors 
of  the  9th  and  loth  of  August,  1863,  which  equalled 
the  brilliancy  of  Venus  and  Jupiter,  must  have  pos- 
sessed a  mass  of  from  five  to  eight  pounds,  while  those 
which  were  only  as  bright  as  stars  of  the  second  or 
third  magnitude,  would  not  be  more  than  about  ninety 
grains  in  weight.  As  the  greater  number  of  meteors 
are  less  bright  than  stars  of  the  second  magnitude, 
the  faint  meteors  must  .weigh  only  a  few  grains,  for 
according  to  Prof  Herschel's  computation  the  five 
meteors  observed  on  the  12th  of  November,  1865, 
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some  of  which  surpassed  in  brilliancy  stars  of  the  first 
magnitude,  had  not  an  average  weight  of  more  than 
five  grains;  and  Schiaparelli  estimated  the  weight  of 
a  meteor  from  other  phenomena  to  be  about  fifteen 
grains.  The  mass,  however,  of  the  meteoric  stones 
which  fall  to  the  earth  is  considerably  greater, 
whether  they  consist  of  one  single  piece,  such  as 
the  celebrated  iron-stone  discovered  by  Pallas  in 
Siberia,  which  weighed  about  2,000  lb.,  or  of  a  cloud 
composed  of  many  small  bodies  which  penetrate  the 


Fig.  218. 


Balls  of  Fire  seen  through  the  Telescope. 

earth's  atmosphere  in  parallel  paths,  as  shown  in 
Fig.  218,  and  which  from  a  simultaneous  ignition 
and  descent  upon  the  earth,  present  the  appear- 
ance of  a  large  meteor  bursting  into  several  smaller 
pieces.  Such  a  shower  of  stones,  accompanied  by  a 
bright  light  and  loud  explosion,  occurred  at  L' Aigle, 
in  Normandy,  on  the  26th  of  April,  1803,  when  the 
number  of  stones  found  in  a  space  of  14  square 
miles  exceeded  2,000.  In  the  meteoric  shower  that 
fell  at  Kuyahinga,  in  Hungary,  on  the  gth  of  June, 
1866,  the  principal  stone  weighed  about  800  lb.,  and 
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was  accompanied  by  about  a  thousand  smaller 
stones,  which  were  strewed  over  an  area  of  9  miles 
in  length  by  3i  broad. 

It  must  not  be  supposed,  however,  that  the  density 
of  such  a  cosmical  cloud  is  as  great  when  out  of  the 
reach  of  the  attraction  of  the  sun  and  the  earth  as 
when  its  constituents  fall  upon  the  earth's  surface. 
Schiaparelli  calculates,  from  the  number  of  meteors 
observed  yearly  in  the  month  of  August,  that  the 
distance  between  any  two  must  amount,  on  the 
average,  to  460  miles.  As  the  cosmical  clouds 
which  produce  the  meteors  approach  the  sun  in  their 
wanderings  from  the  far-off  regions  of  space,  they 
increase  in  density  some  million  times,  therefore  the 
distance  between  any  two  meteors,  only  a  few  grains 
in  weight,  before  the  cloud  begins  to  be  condensed, 
may  be  upwards  of  40,000  miles. 

The  most  striking  exampleof  such  a  cosmical  cloud 
composed  of  small  bodies  loosely  hung  together,  and 
existing  with  hardly  any  connection  one  with  another, 
is  exhibited  in  the  meteoric  showers  occurring 
periodically  in  August  and  November.    It  is  an 
ascertained  fact  that  on  certain  nights  in  the  year 
the  number  of  meteors  is  extraordinarily  great,  and 
that  at  these  times  they  shoot  out  from  certain  fixed 
points  in  the  heavens.  The  shower  of  meteors  which 
,    happens  every  year  on  the  night  of  the  loth  of 
August,  proceeding  from  the  constellation  of  Perseus, 
is  mentioned  in  many  old  writings.    The  shower  of 
the  1 2th  and  13th  of  November  occurs  periodically 
every  thirty- three  years,  for  three  years  in  succession, 
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with  diminishing  numbers  ;  it  was  this  shower  that 
Alexander  von  Humboldt  and  Bonpland  observed  on 
the  1 2th  of  November,  1799,  as  a  real  rain  of  fire. 
It  recurred  on  the  12th  of  November,  1833,  in  such 
force  that  Arago  compared  it  to  a  fall  of  snow,  and 
was  lately  observed  again  in  its  customary  splendour 
in  North  America,  on  the  14th  of  November,  1867. 
Besides  these   two  principal  showers,  there  are 
almost  a  hundred  others  recurring  at  regular  inter- 
vals; each  of  these  is  a  cosmical  cloud  composed  of 
small  dark  bodies  very  loosely  held  together,  like 
the  particles  of  a  sand  cloud,  which  circulate  round 
the  sun  in  one  common  orbit.    The  orbits  of  these 
meteor  streams  are  very  diverse  ;  they  do  not  lie  ap- 
proximately in  one  plane  like  those  of  the  planets, 
but  cross  the  plane  of  the  earth's  orbit  at  widely  dif- 
ferent angles.    The  motion  of  the  individual  meteors 
ensues  in  the  same  direction  in  one  and  the  same 
orbit ;  but  this  direction  is  in  some  orbits  in  con- 
formity with  that  of  the  earth  and  planets,  while  in 
others  it  is  in  the  reverse  order. 

The  earth  in  its  revolution  round  the  sun  occupies 
every  day  a  different  place  in  the  universe;  if,  there- 
fore, a  meteoric  shower  pass  through  our  atmo- 
sphere at  regular  intervals,  there  must  be  at  the 
place  where  the  earth  is  at  that  time  an  accumula- 
tion of  these  small  cosmical  bodies,  which,  attracted 
by  the  earth,  penetrate  its  atmosphere,  are  ignited 
by  the  resistance  of  the  air,  and  become  visible 
as  falling  stars.  A  cosmical  cloud,  however,  can- 
not remain  at  a  fixed  spot  in  our  solar  system. 
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but  must  circulate  round  the  sun  as  planets  and 
comets  do ;  whence  it  follows  that  the  path  of  a 
periodic  shower  intersects  the  earth's  orbit,  and 
the  earth  must  either  be  passing  through  the  cloud, 
or  else  very  near  to  it,  when  the  meteors  are  visible 
to  us. 

The  meteor  shower  of  the  loth  of  August,  the 
radiant  point  of  which  is  situated  in  the  constellation 
of  Perseus,  takes  place  nearly  every  year,  with  \diry- 
ing  splendour ;  we  may  therefore  conclude  that  the 
small  meteors  composing  this  group  form  a  ring 
round  the  sun,  and  the  earth  every  loth  of  August 
is  at  the  spot  where  this  ring  intersects  our  orbit ; 
also  that  the  ring  of  meteors  is  not  equally  dense  in 
all  parts :  here  and  there  these  small  bodies  must 
be  very  thinly  scattered,  and  in  some  places  even 
altogether  wanting. 

Fig.  219  shows  a  very  small  part  of  the  elliptic 
orbit  which  this  meteoric  mass  describes  round  the 
sun  S.    The  earth  encounters  this  orbit  on  the  loth 
of  August,  and  goes  straight  through  the  ring  of 
meteors.    The  dots  along  the  ring  indicate  the 
small  dark  meteors  which  ignite  in  our  atmosphere, 
and  are  visible  as  shooting  stars.    The  line  m  is  the 
line  of  intersection  of  the  earth's  orbit  and  that 
of  the  meteors  ;  the  line  P  S  shows  the  direction 
of  the  major  axis  of  their  orbit.     This  axis  is  fifty 
times  greater  than  the  mean  diameter  of  the  earth's 
orbit ;  the  orbit  of  the  meteors  is  inclined  to  that  of 
the  earth  at  an  angle  of  64°  3',  and  their  motion 
is  retrograde,  or  contrary  to  that  of  the  earth. 
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The  November  shower  is  not  observed  to  take  place 
every  year  on  the  12th  or  13th  of  that  month,  but  it 
is  found  that  every  thirty-three  years  an  extraordinary 
shower  occurs  on  those  days,  proceeding  from  a  point 

Fig.  219. 


Orbit  of  the  Meteor  Shower  of  the  loth  of  August. 

in  the  constellation  of  Leo.  The  meteors  composing 
this  shower,  unlike  the  August  one,  are  not  dis- 
tributed along  the  whole  course  of  their  orbit,  so  as 
to  form  a  ring  entirely  filled  with  meteoric  particles, 
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but  constitute  a  dense  cloud,  of  an  elongated  form, 
which  completes  its  revolution  round  the  sun  in  thirty- 
three  years,  and  crosses  the  earth's  path  at  that  point 
where  the  earth  is  every  13th  of  November. 

When  the  November  shower  reappears  after  the 
lapse  of  thirty-three  years,  the  phenomenon  is  re- 
peated during  the  two  following  years  on  the  13th 


Fig.  220. 


Orbit  of  the  November  Meteor  Shower. 


of  that  month,  but  with  diminished  splendour ;  the 
meteors,  therefore,  extend  so  far  along  the  orbit  as 
to  require  three  years  before  they  have  all  crossed 
the  earth's  path  at  the  place  of  intersection;  they 
are,  besides,  unequally  distributed,  the  preceding 
part  being  much  the  most  dense. 

58 
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A  very  small  part  of  the  elliptic  orbit,  and  the 
distribution  of  the  meteors  during  the  November 
shower,  is  represented  in  Fig.  220.  As  shown  in 
the  drawing,  this  orbit  intersects  that  of  the  earth 
at  the  place  where  the  earth  is  about  the  14th  of 
November,  and  the  motion  of  the  meteors,  which 
occupy  only  a  small  part  of  their  orbit,  and  are  Yery 
unequally  distributed,  is  retrograde,  or  contrary  to 
that  of  the  earth.  The  inclination  of  this  orbit  to  that 
of  the  earth  is  only  17°  44';  its  major  axis  is  about 
ten  and  one-third  times  greater  than  the  diameter 
of  the  earth's  orbit,  and  the  period  of  revolution  for 
the  densest  part  of  the  meteorites  round  the  sun  S 
is  thirty-three  years  three  months. 

From  all  we  have  now  learned  concerning  the 
nature  and  constitution  of  comets,  nebulae,  cosmical 
clouds,  and  meteoric  swarms,  an  unmistakable  re- 
semblance will  be  remarked  among  these  different 
forms  in  space.    The  affinity  between  comets  and 
meteors  had  been  already  recognized  by  Chladni, 
but  Schiaparelli,  of  Milan,  was  the  first  to  take 
account  of  all  the  phenomena  exhibited  by  these 
mysterious  heavenly  bodies,  and  with  wonderful 
acuteness  to  treat  successfully  the  mass  of  observa- 
tions and  calculations  which  had  been  contributed 
during  the  course  of  the  last  few  years  by  Oppol- 
zer,  Peters,  Bruhns,  Heis,  Le  Verrier,  and  other 
observers.    He  not  only  shows  that  the  orbits  of 
meteors  are  quite  coincident  with  those  of  comets, 
and  that  the  same  object  may  appear  to  us  at  one 
time  as  a  comet  and  at  another  as  a  shower  of 
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meteors,  but  he  proves  also  by  a  highly  elegant 
mathematical  calculation  that  the  scattered  cosmicai 
masses  known  to  us  by  the  name  of  nebulae  would, 
if  in  their  journey  through  the  universe  they  were  to 
come  within  the  powerful  attraction  of  our  sun,  be 
formed  into  comets,  and  these  again  into  meteoric 
showers. 

We  should  be  carried  away  too  far  from  our  sub- 
ject were  we  to  enter  fully  into  the  consideration  of 
this  bold  and  ingenious  theory  of  the  Milan  astro- 
nomer, supported  though  it  be  by  a  series  of  facts ; 
but  while  we  refer  the  reader  to  vol.  xx.  of  "Natur- 
wissenschaftlichen  Volksbiicher  "  by  A.  Bernstein, 
in  which  this  subject,  "die  Rathsel  der  Sternsch- 
nuppen  und  der  Kometen,"  is  fully  treated  of  in 
a  very  clear  and  attractive  manner,  we  shall  confine 
ourselves  to  the  following  short  statement  of  Schia- 
parelli's  theory. 

Nebulae  are  composed  of  cosmicai  matter  in  which 
as  yet  there  is  no  central  point  of  concentration,  and 
which  has  not  become  sufficiently  dense  to  form 
a  celestial  body  in  the  ordinary  sense  of  the  term. 
The  diffuse  substance  of  these  cosmicai  clouds  is 
very  loosely  hung  together ;  its  particles  are  widely 
separated,  thus  constituting  masses  of  enormous 
extent,  some  of  which  have  taken  a  regular  form, 
and  some  not.  As  these  nebulous  clouds  may  be 
supposed  to  have,  like  our  sun,  a  motion  in  space, 
it  will  sometimes  happen  that  such  a  cloud  comes 
within  reach  of  the  power  of  attraction  of  our  sun. 
The  attraction  acts  more  powerfully  on  the  preceding 
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part  of  the  nebula  than  on  the  further  and  following 
portion  ;  and  the  nebula  while  still  at  a  great  dis- 
tance begins  to  lose  its  original  spherical  form,  and 
becomes  considerably  elongated.  Other  portions 
of  the  nebulous  mass  follow  continuously  the  pre- 
ceding part,  until  the  sphere  is  converted  into  a  long 
cylinder,  the  foremost  part  of  which,  that  towards 
the  sun,  is  denser  and  more  pointed  than  the  follow- 
ing part,  which  retains  a  portion  of  its  original 
breadth.  As  it  nears  the  sun,  this  transformation  of 
the  nebulous  cloud  becomes  more  complete  :  illumi- 
nated by  the  sun,  the  preceding  part  appears  to  us  as 
a  dense  nucleus,  and  the  following  part,  turned  away 
from  the  sun,  as  a  long  tail,  curved  in  consequence 
of  the  lateral  motion  preserved  by  the  nebula  during 
its  progress.  Out  of  the  original  spherical  nebula, 
quite  unconnected  with  our  solar  system,  a  comet 
has  been  formed,  w^hich  in  its  altered  condition  will 
either  pass  through  our  system  to  wander  again  in 
space,  or  else  remain  as  a  permanent  member  of  our 
planetary  system.  The  form  of  the  orbit  in  which  it 
moves  depends  on  the  original  speed  of  the  cloud, 
its  distance  from  the  sun,  and  the  direction  of  its 
motion,  and  thus  its  path  may  be  elliptical,  hyper- 
bolical, or  parabolical ;  in  the  last  two  cases,  the 
romet  appears  only  once  in  our  system,  and  then 
ceturns  to  wander  in  the  realms  of  space  ;  in  the 
former  case,  it  abides  with  us,  and  accomplishes  its 
course  round  the  sun,  like  the  planets,  in  a  certain 
fixed  period  of  years.  From  this  it  is  evident  that 
the  orbits  of  comets  may  occur  at  every  possible  angle 
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to  that  of  the  earth,  and  that  their  motion  will  be 
sometimes  progressive  and  sometimes  retrograde. 
.  The  history  of  the  cosmical  cloud  does  not,  how- 
ever, end  with  its  transformation  into  a  comet. 
Schiaparelli  shows  in  a  striking  manner  that,  as  a 
comet  is  not  a  solid  mass,  but  consists  of  particles 
each  possessing  an  independent  motion,  the  head  or 
nucleus  nearer  the  sun  must  necessarily  complete  its 
orbit  in  less  time  than  the  more  distant  portions  of 
the  tail.  The  tail  will  therefore  lag  behind  the 
nucleus  in  the  course  of  the  comet's  revolution,  and 
the  comet,  becoming  more  and  more  elongated,  will 
at  last  be  either  partially  or  entirely  resolved  into  a 
ring  of  meteors.  In  this  way  the  whole  path  of  the 
comet  becomes  strewn  with  portions  of  its  mass,  with 
those  small  dark  meteoric  bodies  which,  when  pene- 
trating the  earth's  atmosphere,  become  luminous,  and 
appear  as  falling  stars.  Instead  of  the  comet,  there 
now  revolves  round  the  sun  a  broad  ring  of  meteori: 
stones,  which  occasion  the  phenomena  we  every 
year  observe  as  the  August  meteors.  Whether  this 
ring  be  continuous,  and  the  meteoric  masses  strewn 
along  the  whole  course  of  the  path  of  the  original 
comet,  or  whether  the  individual  meteors,  as  in  the 
November  shower,  have  not  filled  up  entirely  the 
whole  orbit,  but  are  still  partially  in  the  form  of  a 
comet,  is  in  the  transformation  of  a  cosmical  cloud 
through  the  influence  of  the  sun  only  a  question  of 
time ;  in  course  of  years  the  matter  composing  a 
comet  which  describes  an  orbit  round  the  sun  must 
be  dispersed  over  its  whole  path  ;  if  the  original  orbit 
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be  ellipiical^  an  ellipiic  ring  of  vietcoTS  will  gradually  be 
forined  from  the  substance  of  the  comet  of  the  same  size 
and  form  as  the  original  orbit. 

Schiaparelli  has  in  fact  discovered  so  close  a 
resemblance  between  the  path  of  the  August  meteors 
and  that  of  the  comet  of  1862,  No.  III.,  that  there 
cannot  be  any  doubt  as  to  their  complete  identity. 
The  meteors  to  which  we  owe  the  annual  display  of 
falling  stars  on  the  loth  of  August  are  not  distri- 
buted equally  along  the  whole  course  of  their  orbit ; 
it  is  still  possible  to  distinguish  the  agglomeration 
of  meteoric  particles  which  originally  formed  the 
cometary  nucleus  from  the  other  less  dense  parts  of 
the  comet;  thus  in  the  year  1862  the  denser  por- 
tion of  this  ring  of  meteors  through  which  the  earth 
passes  annually  on  the  loth  of  August,  and  which 
causes  the  display  of  falling  stars,  was  seen  in  the 
form  of  a  comet,  with  head  and  tail  as  the  densest 
parts,  approached  the  sun  and  earth  in  the  course  of 
that  month.  Oppolzer,  of  Vienna,  calculated  with 
great  accuracy  the  orbit  of  this  comet,  which  was 
visible  to  the  naked  eye.  Schiaparelli  had  pre- 
viously calculated  the  orbit  of  the  meteoric  ring  to 
which  the  shooting  stars  of  the  loth  of  August 
be  long  before  they  are  drawn  into  the  earth's  atmo- 
sphere. The  almost  perfect  identity  of  the  two  orbits 
justifies  Schiaparelli  in  the  bold  assertion  that  tkc 
comet  of  1862,  No.  III.,  is  710  other  than  the  remains  of 
the  comet  out  of  which  the  meteoric  ring  of  the  loth  of 
August  has  bee7i  formed  in  the  course  of  time.  The 
difference  between  the  comet's  nucleus  and  its  tail 
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that  has  now  been  formed  into  a  ring,  consists  in 
that  while  the  denser  meteoric  mass  forming  the 
head  approaches  so  near  the  earth  once  in  every 
hundred  and  twenty  years  as  to  be  visible  in  the 
reflected  light  of  the  sun,  the  more  widely  scattered 
portion  of  the  tail  composing  the  ring  remains 
invisible,  even  though  the  earth  passes  through  it 
annually  on  the  loth  of  August.  Only  fragments  of 
this  ring,  composed  of  dark  meteoric  particles, 
become  visible  as  shooting  stars  when  they  pene- 
trate our  atmosphere  by  the  attraction  of  the  earth, 
and  ignite  by  the  compression  of  the  air. 

A  cloud  of  meteors  of  such  a  character  can  natu- 
rally only  be  observed  as  a  meteor  shower  when  in 
the  nodes  of  its  orbit, — that  is  to  say,  in  those  points 
where  it  crosses  the  earth's  orbit, — and  then  only 
when  the  earth  is  also  there  at  the  same  time,  so 
that  the  meteors  pass  through  our  atmosphere.  The 
nebula  coming  within  the  sphere  of  attraction  of  our 
so  larsystem,  would,  at  its  nearest  approach  to  the 
sun  (perihelion),  and  in  the  neighbouring  portions  of 
its  orbit,  appear  as  a  covzet,  and  when  it  grazed  the 
reath's  atmosphere  would  be  seen  as  a  shower  of 
meteors. 

Calculation  shows  that  this  ring  of  meteors  is  about 
10,948  millions  of  miles  in  its  greatest  diameter. 
As  the  meteoric  shower  of  the  loth  of  August  lasts 
about  six  hours,  and  the  earth  travels  at  the  rate 
of  eighteen  miles  in  a  second,  it  follows  that  the 
breadth  of  this  ring  at  the  place  where  the  earth 
crosses  it  is  4,043,520  miles.    In  Fig.  221,  AB 
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represents  a  portion  of  the  orbit  of  the  comet  of 
1862,  No.  III.,  which  is  identical  with  that  (Fig.  219) 
of  the  August  shower. 

Fig.  221. 


Orbits  of  the  August  and  November  Meteor  Showers. 
(Orbits  of  Comets  III.,  1862,  and  I.,  1866.) 


The  calculations  of  Schiaparelli,  Oppolzer,  Peters, 
and  Le  Verrier  have  also  discovered  the  comet  pro- 
ducing the  meteors  of  the  November  shower,  and 
have  found  it  in  the  small  comet  of  1866,  No.  I., 
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first  observed  by  Tempel,  of  Marseilles.  Its  trans- 
formation into  a  ring  of  meteors  has  not  proceeded 
nearly  so  far  as  that  of  the  comet  of  1862,  No.  III. 
Its  existence  is  of  a  much  more  recent  date ;  and 
therefore  the  dispersion  of  the  meteoric  particles 
along  the  orbit,  and  the  consequent  formation  of 
the  ring,  is  but  slightly  developed. 

According  to  Le  Verrier,  a  cosmical  nebulous 
cloud  entered  our  system  in  January  126,  and 
passed  so  near  the  planet  Uranus  as  to  be  brought 
by  its  attraction  into  an  elliptic  orbit  round  the  sun. 
This  orbit  is  the  same  as  that  of  the  comet  dis- 
covered by  Tempel,  and  calculated  by  Oppolzer, 
and  is  identical  with  that  in  which  the  November 
group  of  meteors  make  their  revolution. 

Since  that  time,  this  cosmical  cloud,  in  the  form  of 
a  comet,  has  completed  fifty-two  revolutions  round 
the  sun,  without  its  existence  being  otherwise  made 
known  than  by  the  loss  of  an  immense  number 
of  its  components,  in  the  form  of  shooting  stars, 
as  it  crossed  the  earth's  path  in  each  revolution,  or 
in  the  month  of  November  in  ever}''  thirty- three 
years.  It  was  only  in  its  last  revolution,  in  the  year 
1866,  that  this  meteoric  cloud,  now  forming  part  of 
our  solar  system,  w^as  first  seen  as  a  comet. 

The  orbit  of  this  comet  is  much  smaller  than  that 
of  the  August  meteors,  extending  at  the  aphelion 
as  far  as  the  orbit  of  Uranus,  while  the  perihelion  is 
nearly  as  far  from  the  sun  as  our  earth.  The  comet 
completes  its  revolution  in  about  thirty-three  years 
and  three  months,  and  encounters  the  earth's  orbit 
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as  it  is  approaching  the  sun  towards  the  end  of 
September.  It  is  followed  by  a  large  group  of 
small  meteoric  bodies,  which  form  a  very  broad  and 
long  tail,  through  which  the  earth  passes  on  the 
13th  of  November.  Those  particles  which  come  in 
contact  with  the  earth,  or  approach  so  near  as  to  be 
attracted  into  its  atmosphere,  become  ignited,  and 
appear  as  falling  stars.  As  the  earth  encounters 
the  comet's  tail,  or  meteoric  shower,  for  three  suc- 
cessive years  at  the  same  place,  we  must  conclude 
the  comet's  track  to  have  the  enormous  length  of 
1,772  millions  of  miles.  In  Fig.  221,  C  D  repre- 
sents a  portion  of  the  orbit  of  this  comet  which  is 
identical  with  the  orbit  (Fig.  220)  of  the  November 
meteors. 

By  the  side  of  these  important  conclusions,  which 
the  observation  and  acuteness  of  modern  astrono- 
mers have  been  able  to  make  concerning  the  nature 
and  mutual  connection  of  nebulae,  comets,  meteors, 
and  balls  of  fire,  the  results  of  spectrum  analysis 
as  applied  to  meteors  will  seem  to  be  exceedingly 
scant.  This  is  easy  to  understand  when  we  reflect 
how  rapidly  these  fiery  meteors  rush  through  our 
atmosphere,  and  how  difficult  it  is  to  lay  hold  of 
them  with  the  spectroscope  during  their  instan- 
taneous apparition.  Before  the  instrument  can  be 
directed  to  a  meteor  or  ball  of  fire,  and  the  focus 
adjusted,  the  object  has  disappeared  from  view.  The 
application,  therefore,  of  spectrum  analysis  to  these 
fleeting  visitors  is  left  almost  entirely  to  chance,  and 
is  mainly  confined  to  those  nights  in  which  yearly. 
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or  at  certain  known  periods,  an  extraordinar}^  shower 
of  falling  stars  is  expected  to  occur. 

In  the  year  1865,  Alexander  Herschel  drew  atten- 
tion to  the  expected  fall  of  meteors  in  the  ensuing 
year,  and  suggested  that  they  should  be  observed 
with  the  spectroscope,  on  the  ground  that  some  few 
spectroscopic  observations  previously  made  had 
shown  the  spectrum  of  a  meteor  to  be  a  continuous 
one,  without  any  dark  lines.  Browning,  a  master  in 
the  art  of  constructing  spectrum  apparatus,  under- 
took the  investigation,  and  observed  in  the  nights 

Fig.  222. 
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Browning's  Meteor  Spectroscope. 

of  the  9th  and  loth  of  August,  as  well  as  during 
the  early  morning  hours  of  the  14th  of  November, 
at  his  observatory  at  Upper  Holloway,  near  London, 
as  many  as  seventy  spectra  of  meteors  and  their 
trains. 

The  hand  spectroscope  of  Huggins,  described  at 
p.  480,  and  represented  in  Fig.  173,  as  constructed 
by  Browning  for  the  direct  observation  of  the  solar 
appendages  during  an  eclipse,  is  well  adapted  for 
these  investigations  ;  but  a  still  better  instrument 
is  that  drawn  in  Fig.  222,  specially  constructed  by 
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Browning  for  his  own  use  in  the  observation  of 
meteors,  in  which  the  apparent  angle  caused  by  the 
velocity  of  the  meteor  is  diminished,  and  which,  on 
account  of  the  large  field  of  view,  greatly  facilitates 
the  observation  of  a  falling  star. 

This  instrument  consists  of  a  direct-vision  com- 
pound prism  P,  and  a  plano-concave  cylindrical 
lens  L.  Mj,  M^,  M3  denote  three  successive  places 
in  the  flight  of  a  meteor,  and  m^^  w^,  show  the 
path  of  the  rays  from  the  meteor  to  the  lens  L, 
while  the  dotted  lines  indicate  the  course  taken  by 
the  rays  in  their  passage  through  the  refracting 
media.  The  ray  vi^  reaches  the  eye  viewing  it 
through  the  prism  at  the  same  moment  as  the  ray 
ni^ ;  the  eye,  therefore,  commands  the  large  space 
in  the  heavens  included  between  and  M3,  and 
can  observe  accordingly  a  meteor  shooting  over 
that  space  without  the  instrument  being  moved.  In 
such  a  spectroscope  the  meteor  appears  to  be  sta- 
tionary, and  its  spectrum  can  be  observed  without 
difficulty.  Browning  was  able  with  this  instrument 
to  observe  the  spectra  of  some  fireballs  thrown  into 
the  air  only  a  few  feet  from  him.  Although  the 
angular  velocity  of  such  balls  was  ver}^  great,  yet 
the  characteristic  lines  of  their  component  metals, 
barium,  strontium,  etc.,  were  very  clearly  seen.  If  a 
bi-concave  lens  of  longer  focus  than  the  cylindrical 
lens  be  placed  immediately  in  front  of  L,  and  turned 
towards  the  heavens,  rays  of  a  still  greater  con- 
vergence, reaching  beyond  and  M,,  will  be 
brought  within  the  range  of  the  eye,  and  the  field 
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of  view  of  the  instrument  considerably  increased  by 
this  means. 

Instead  of  observing  the  spectrum  with  the  un- 
assisted eye,  a  small  telescope  may  be  employed, 
the  position  and  direction  of  which  with  regard  to 
the  prisms  is  represented  in  Fig.  173. 

In  conducting  these  investigations,  Browning 
directed  the  instrument  to  that  point  in  the  heavens 
whence  the  meteors  proceeded,  and  thus  succeeded 
in  retaining  a  few  of  the  great  number  that  fell  in 
the  field  of  the  spectroscope,  and  observing  the 
character  of  their  spectra. 

The  spectra  of  the  heads  of  the  meteors  were 
mostly  continuous,  in  which  all  the  prismatic  colours 
of  the  solar  spectrum  were  visible  excepting  violet. 
In  certain  instances,  however,  the  yellow  prepon- 
derated in  the  spectrum ;  in  others  the  spectrum 
consisted  almost  entirely  of  one  homogeneous 
yellow  hue,  though  nearly  every  other  colour,  from 
red  to  green,  was  very  faintly  visible.  In  two 
instances  the  spectrum  presented  a  homogeneous 
green  tint.  No  remarkable  difference  in  the  light 
of  the  nuclei  of  the  August  and  November  meteors 
was  perceptible. 

In  most  of  the  August  meteors  only  one  yellow 
line  of  intense  brilliancy  remained  in  the  spectrum 
of  the  tail  or  track  of  light  left  behind,  when  it 
began  to  dissipate, — the  unmistakable  sign  of  the 
presence  of  luminous  gas,  a  line  which  could  only 
be  compared  to  the  line  of  glowing  sodium. 

In  the  November  meteors,  on  the  contrary,  the 
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Spectrum  of  the  train  was  characterized  by  con- 
tinuity and  breadth,  but  by  a  deficiency  of  colour. 
The  light,  which  was  mostly  blue,  green,  or  steel- 
grey,  appeared  in  general  to  be  homogeneous ;  but 
this  appearance  might  arise  from  the  light  being  too 
weak  to  yield  a  visible  spectrum,  as-  in  the  case  of 
stars  below  the  second  and  third  magnitude,  where 
the  red  and  blue  rays  are  wanting  in  the  spectrum, 
though  doubtless  present  in  the  light  of  the  star. 
The  yellow  line  given  by  the  train  of  the  August 
meteors  was  altogether  absent  in  that  of  the 
November  meteors. 

The  principal  result  of  these  investigations  is 
confined,  therefore,  to  the  establishment  of  the  fact 
that  meteors  consist  of  incandescent  solid  bodies, 
and  that  a  difference  is  discernible  in  the  chemical 
composition  of  the  August  and  November  meteoric 
showers. 

The  November  shower  of  1868  was  observed  by 
Secchi.  Among  the  numerous  meteors  that  left  a 
train  of  light  behind  them  was  one  the  track  of 
which  lasted  fifteen  minutes,  and  was  at  first  suffi- 
ciently bright  to  allow  of  examination  by  a  prism. 
Secchi  found  the  spectrum  to  be  discontinuous,  and 
the  principal  bright  bands  and  lines  were  red, 
yellow,  green,  and  blue.  Besides  this  observation, 
Secchi  was  so  fortunate  as  to  see  two  meteors  in  the 
spectroscope :  the  magnesium  line  appeared  with 
great  distinctness,  besides  which  some  lines  were 
also  seen  in  the  red. 

On  account  of  the  great  difficulty  of  observing 
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meteors  with  a  narrow  setting  of  the  slit,  ordinary 
spectroscopes  are  not  suited  to  this  purpose.  The 
hand  spectroscope  described  at  p.  480,  however,  can- 
not show  any  sharp  lines,  even  when  the  meteor 
contains  elements  which  in  an  ordinary  spectroscope 
would  yield  bright  lines.*  The  only  resource,  there- 
fore, is  to  substitute  a  cylindrical  lens  for  the  slit, 
and  there  can  be  no  doubt  that  an  apparatus  of  this 
kind  will  be  employed  in  future  with  great  success 
in  the  investigation  of  meteors  by  means  of  spec- 
trum analysis. 


70.  Spectrum  of  Lightning. 

From  the  close  connection  between  lightning  and 
the  electric  spark,  it  was  to  be  anticipated  that  a 
flash  of  lightning  would  yield  a  spectrum  closely 
allied  to  that  of  the  ordinary  electric  discharge  when 
passed  through  the  air,  and  that  it  would  therefore 
consist  of  the  bright  lines  belonging  to  the  atmo- 
spheric air,  and  therefore  pre-eminently  those  of 
nitrogen.  This  was,  in  fact,  proved  to  be  the  case  by 
Captain  Herschel  during  a  storm  when  the  flashes-of 
lightning  were  very  numerous,  on  which  occasion  he 
found,  by  the  use  of  a  hand  spectroscope  (Fig.  172), 
that  among  the  numberless  bright  lines  visible,  the 
blue  nitrogen  line  was  the  brightest,  while  the  red 

*  [In  the  case  of  meteors  which  have  a  small  apparent  diameter, 
the  bright  images  appear  sufficiently  narrow  for  identification,  as 
is  found  to  be  the  case  when  the  instrument  is  directed  to  distant 
fireworks.] 


6o8 


SPECTRUM  ANALYSIS. 


line  of  hydrogen,  H  „,  was  also  present.  Besides 
this  spectrum  of  lines,  there  was  visible  at  the  same 
time  a  bright  continuous  spectrum  exhibiting  the 
principal  colours. 

The  ordinary  spectrum  of  lightning  produces  the 
impression  of  green  and  blue,  or  rather  of  greenish- 
blue  ;  but  as  in  bright  flashes  all  the  prismatic 
colours  are  visible,  it  must  be  supposed  that  the 
part  between  the  lines  E  and  F  is  so  much  brighter 
than  the  rest  as  to  cause  the  impression  of  those 
colours  to  predominate  in  the  spectrum.  The  varia- 
tion of  relative  brightness  of  the  continuous  spec- 
trum and  of  the  spectrum  of  lines  is  very  surprising  : 
at  times  the  lines  are  scarcely  visible  ;  and  at  other 
times,  with  the  exception  of  the  lines,  there  is 
scarcely  any  spectrum  to  be  seen. 

The  difficulty  of  distinguishing  the  many  fainter 
lines  is  considerably  increased  by  the  instantaneous 
character  of  the  phenomenon.  Before  a  certain 
line  has  been  selected,  the  faint  impression  upon 
the  retina  has  disappeared,  and  the  remembrance  of 
the  line  half  determined  upon  has  passed  away 
before  another  flash  succeeds,  so  that  there  remains 
no  standard  of  comparison. 

The  most  complete  observations  that  have  3'et 
been  made  on  the  spectra  of  lightning  are  those  by 
Professor  Kundt,  of  Zurich,  by  whom  upwards  of 
fifty  flashes  of  lightning  have  at  diflerent  times  been 
observed  with  a  pocket  spectroscope.  In  addition 
to  the  spectra  consisting  of  bright  lines,  there  always 
appeared  other  spectra  formed  of  a  great  number  of 
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fainter  bands,  somewhat  broader  than  the  lines, 
and  disposed  regularly  at  equal  intervals  one  from 
another. 

The  spectra  of  lines  consisted  of  one  and  some- 
times of  two  lines  in  the  extreme  red,  a  few  very 
bright  lines  in  the  green,  and  some  less  bright  in 
the  blue,  besides  a  still  greater  number  much 
fainter,  most  of  which,  however,  were  sharply  de- 
fined. The  spectra  of  different  flashes  were  so  far 
different,  that  while  certain  lines  were  very  brilliant 
in  one  flash,  they  were  entirely  wanting  in  another, 
where  they  were  replaced  by  a  set  of  lines  which 
were  invisible  in  many  other  flashes. 

The  spectra  of  bands  were  quite  as  dissimilar, 
the  coloured  bands  in  some  flashes  appearing  in 
the  blue  and  violet ;  in  others  in  the  green  as  well, 
and  occasionally  only  in  the  red. 

In  most  cases  each  flash  had  only  one  of  these 
spectra.  The  spectra  of  lines  were  usually  given  by 
the  forked  flashes,  while  sheet  lightning  yielded  the 
spectra  of  bands.  In  only  two  cases  did  the  same 
flash  first  give  a  bright  spectrum  of  lines  very 
sharply  defined,  and  then  suddenly  show  a  spectrum 
of  bands  evenly  distributed  throughout. 

The  two  kinds  of  spectra  correspond  with  the  dif- 
ferent colours  in  which  both  descriptions  of  lightning 
appear  to  the  unassisted  eye :  the  light  of  forked 
lightning  is  usually  white,  while  that  of  sheet  light- 
ning is  mostly  red,  but  sometimes  violet  and  bluish. 
This  is  in  conformity  with  the  different  colours 
exhibited  by  the  discharges  of  electrical  machines, 
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according  to  the  form  in  which  they  appear, 
whether  as  a  spark  or  a  brush  of  light.  While  the 
light  of  a  spark  discharged  into  the  air  is  more  or 
less  white  according  to  the  nature  of  the  bodies 
between  which  it  passes,  the  colour  of  the  electric 
brush  is  red  or  violet,  and  that  of  the.  electric  glow 
is  violet  or  bluish.  The  light  of  the  electric  spark 
always  gives  a  spectrum  of  lines,  while  that  of  the 
brush  or  glow  discharge  exhibits  a  spectrum  of  bands. 

The  investigations  of  Kundt  lead  to  the  conclu- 
sion that  the  difference  in  the  spectra  of  lightning 
depends  upon  the  mode  in  which  the  electricity  of 
the  atmcsphere  is  discharged,  whether  through  the 
earth  or  between  the  clouds.  When  an  electric 
cloud  discharges  itself  into  the  earth,  the  discharge 
occurs  at  a  state  of  high  tension,  and,  accompanied 
by  a  great  development  of  heat,  darts  to  the  ground 
in  the  form  of  a  forked  flash,  passing  on  its  way 
through  the  atmospheric  air,  that  is  to  say  through  a 
gaseous  mixture  of  oxygen,  nitrogen,  watery  vapour, 
and  carbonic  acid.  According  as  one  or  other  or 
several  together  of  these  gases  are  raised  by  the 
flash  to  a  glowing  state,  the  spectrum  of  the  light- 
ning assumes  a  different  form.  When,  on  the  con- 
trary, the  discharge  takes  place  from  one  cloud  into 
another,  it  occurs  usually  in  the  form  of  a  brush, 
because  in  consequence  of  the  previous  electrical 
attraction  both  clouds  have  received  pointed  and 
indented  forms,  and  in  such  circumstances  a  high 
degree  of  tension  is  rarely  attained,  and  the  current 
frequently  passes  as  a  rapid  succession  of  discharges 
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which  take  the  form  of  a  brush  of  light.  The  various 
kinds  of  electrical  discharges  are  accompanied  by  a 
corresponding  variety  in  the  report ;  if  in  the  form 
of  a  spark,  it  is  well  known  that  a  single  sharp  crack 
is  heard  ;  the  brush  discharge  is  never  accompanied 
by  a  single  clap,  but  always  by  a  hissing  or  rushing 
noise,  with  a  series  of  faint  cracks  in  rapid  succes- 
sion :  the  glow  discharge  is  perfectly  noiseless. 

All  these  phenomena  lead  to  a  simple  explanation 
of  the  various  kinds  of  lightning,  whether  in  the 
form  of  forked  flashes,  sheet  lightning,  or  summer 
lightning,  as  well  as  of  the  sounds  by  which  they 
are  accompanied  of  the  simple  clap  and  the  peal  of 
thunder ;  but  the  few  observations  yet  made  upon 
the  spectra  of  lightning  suggest  a  number  of  ques- 
tions which  can  only  be  answered  by  a  series  of 
additional  observations. 

71.  Spectrum  of  the  Aurora  Borealis. 

The  splendid  phenomena  exhibited  by  a  brilliant 
display  of  the  Aurora  Borealis,  are  always  accom- 
panied by  a  greater  or  less  disturbance  of  the  mag- 
netic needle,  so  that  the  Aurora  has  long  been 
supposed  to  be  occasioned  by  the  noiseless  passage 
of  electricity  through  the  rarefied  portions  of  the 
upper  regions  of  the  atmosphere, — a  kind  of  glow 
discharge  or  electric  display,  such  as  is  exhibited 
by  discharging  a  quantity  of  electricity  through  a 
Geissler's  tube  filled  with  highly  rarefied  air. 

Angstrom's  spectrum  observations  of  this  object 
do  not  seem  to  confirm  this  conjecture,  for  the  lumi- 
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nous  arch  skirting  the  dark  segment,  and  never 
absent  in  a  faint  show  of  Aurora,  gives  a  spectrum  of 
one  bright  line  situated  to  the  left  of  the  well-known 
calcium  group  of  the  solar  spectrum.    Besides  this 

o 

comparatively  very  intense  line.  Angstrom  observed, 
with  a  wider  slit,  traces  of  three  very  faint  bands 
reaching  nearly  to -the  Fraunhofer  F-line,  but  only 
once  did  faint  lines  appear  in  this  region  during  the 
undulations  of  a  very  flickering  arch.  The  light  of 
the  Aurora  Borealis  is  therefore  almost  homogeneous 
(monochromatic).  A  special  interest  attaches  to 
these  observations,  made  in  the  winter  of  1867-68, 
from  the  circumstance  that  the  zodiacal  light  gave 

o 

the  same  line  as  observed  by  Angstrom  for  a  week 
together,  in  March  1867,  at  Upsala,  where  it  was 
seen  with  remarkable  intensity  for  that  latitude,  and 
in  one  brilliant  starlight  night,  when  the  whole 
heavens  appeared  to  be  phosphorescent,  traces  of 
this  homogeneous  light  were  visible  in  the  spectro- 
scope, from  the  faint  light  proceeding  from  all  parts 
of  the  sky. 

The  bright  line  mentioned  above,  the  place  of 
which  has  been  determined  by  Struve  to  be  No. 
1259  of  Kirchhoffs  scale  (between  D  and  E),  with 
a  probable  error  of  ten  or  fifteen  units,  corre- 

o 

sponds,  according  to  Angstrom,  to  a  wave-length  of 
0*0005567  of  a  millimetre,  and  is  not  coincident 
with  any  known  line  of  a  terrestrial  element.  This 

O 

line  is  introduced  into  Angstrom's  spectrum  of  the 
telluric  lines,  Fig.  95,  as  a  dotted  line  between  ^ 
and  E  at  556.    (Vide  Plate  VI.) 
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The  display  of  Aurora  Borealis  on  the  15th  of 
April,  1869,  visible  in  Western  Europe,  Russia,  and 
America,  and  which  at  New  York  exhibited  an 
appearance  of  extraordinary  beauty,  was  observed 
there  by  Prof.  Winlock  with  the  spectroscope.  In 
opposition  to  the  observations  made  in  Europe,  he 
found  the  spectrum  to  consist  of  five  bright  lines, 
the  positions  of  which  he  has  determined,  according 
to  Huggins'  scale,  to  be  1280,  1400,  1550,  1680, 
and  2640.  The  divisions  of  Kirchhoff's  scale  1247, 
1 35 1,  and  1473  correspond  to  the  first  three  numbers, 
consequently  Winlock' s  spectrum  of  the  Aurora  ap- 
proaches very  closely  the  representation  given  in 
Plate  IX.,  No.  3,  where  it  stands  in  connection  with 
the  spectrum  of  the  corona  No.  2,  and  that  of  the 
prominences  No.  i,  as  observed  by  Young  in  the 
total  eclipse  of  the  7th  of  August,  1869.  Of  these 
lines  the  third  (1474  K.)  is  the  brightest.  The  spec- 
trum of  the  Aurora  has  been  repeatedly  observed 
in  America  by  D.  K.  Winder.  A  bright  line  in  the 
yellow  was  nearly  always  seen  by  him  close  to  D, 
but  less  refrangible,  and  was  coincident  with  one  of 
the  dark  lines  in  the  telluric  group  which  appears  in 
the  solar  spectrum  when  the  sun  is  near  the  horizon  ; 
beside  this  line,  there  was  a  fainter  one  in  the  green, 
and  on  one  occasion  a  line  appeared  also  in  the  red. 

The  Aurora  Borealis  was  observed  by  Rayet  and 
Sorel  on  the  15th  and  i6th  of  April,  1869,  when  the 
spectrum  showed  very  clearly  the  characteristic 
auroral  line  (wave-length,  5567  ten  millionth  of  amilli- 

o 

metre — Angstrom),  as  well  as  the  atmospheric  lines. 
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The  Aurora  of  the  6th  of  October,  1869,  was 
examined  by  Flogel  with  the  spectroscope.  On  this 
occasion  also  the  light  appeared  to  be  homogeneous, 
though  with  a  moderate  opening  of  the  slit  the  spec- 
trum showed  only  the  yellow  characteristic  line,  the 
position  of  which  was  estimated  at  about  1230  (K.) 
When  the  slit  was  opened  as  much  as  i  "3  millimetre, 
a  faint  green  light  made  its  appearance,  which  was 
roughly  estimated  to  extend  as  far  as  the  F-line. 
This  light  could  not  be  concentrated  into  a  line  of 
light  by  any  contraction  of  the  slit.  No  such  faint 
light  was  perceptible  in  the  direction  of  the  red,  a 
fact  which  precludes  the  possibility  of  this  light  being 
occasioned  by  some  stellar  light  finding  its  way  into 
the  spectroscope  through  the  slit.* 

On  the  5th  of  April,  1870,  a  display  of  the  Aurora 
was  examined  by  A.  Schmidt  at  Lennep  (Rhenish 
Provinces).  The  spectrum  here,  again,  consisted  of 
one  remarkably  bright  and  broad  line,  somewhat  to 
the  right  of  D  towards  E,  which  varied  in  intensity, 

*  [The  spectrum  of  the  Aurora  was  observed  by  Mr.  EUery,  of 
Melbourne,  on  April  5,  1870.  "The  red  streamers,"  he  writes, 
"were  gorgeous,  and  emitted  light  enough  to  read  a  newspaper  by. 
The  most  remarkable  and  brightest  of  the  lines  in  the  spectrum 
was  a  red  line  more  refrangible  than  C ;  a  greenish  band  or  two 
in  the  position  of  the  green  calcium  lines,  and  a  cloudy  band, 
more  refrangible,  appeared  as  if  irresolvable  into  lines.  The  dark 
segment  rested  on  the  sea-horizon.  Above  this  was  an  arch  of 
greenish  auroral  light,  and  from  a  well-defined  boundary  of  this 
the  rose-coloured  streamers  started  zenithwards.  The  red  line 
disappeared  immediately  the  spectroscope  was  directed  to  any 
point  below  this  boundary,  and  only  the  green  lines  remained. 
The  loss  and  reappearance  of  the  red  line  was  as  sharp  as  possible 
as  the  slit  passed  from  the  red  to  the  green  region.'"] 
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at  times  appearing  very  faint,  and  immediately  after- 
wards shining  out  with  great  brilliancy.  From  the 
neighbourhood  of  this  line  to  F,  there  stretched  a  con- 
tinuous  band,  which  became  resolved  frequently  into 
three  lines,  bright,  though  fainter  than  the  first  line. 

A  magnificent  exhibition  of  the  Aurora  Borealis 
was  visible  on  the  24th  and  25th  of  October,  1870, 
over  the  greater  part  of  Europe,  which  for  beauty 
and  extent  has  hardly  ever  been  exceeded  in  this 
portion  of  the  globe.  On  the  24th  of  October  it 
extended  over  the  northern  and  western  portions  of 
the  sky,  and  covered  more  than  a  fourth  of  the  whole 
horizon.  Upon  the  luminous  red  background  there 
appeared  three  deep  red  streamers  very  sharply 
defined,  to  which  the  cloudless  heavens  and  the 
brilliancy  of  the  stars  upon  the  red  'sky  gave  an 
additional  splendour. 

On  the  25th  of  October  the  phenomenon  offered 
the  rare  spectacle  of  an  auroral  crown.  A  number 
of  flaming  streamers  of  the  Aurora  which  shot  out 
on  all  sides,  were  united  at  a  point  in  the  heavens 
a  little  to  the  south  of  the  zenith.  On  that  evening 
all  the  large  streamers,  most  of  which  were  of  a 
crimson  hue,  crossed  by  white  rays,  converged 
towards  that  central  point  which  preserved  un- 
changed its  position  with  regard  to  the  horizon.* 

Professor  Forster,  of  Berlin,  found  that  the  spec- 
trum of  the  Aurora  of  the  25th  of  October  consisted 

*  This  point,  as  observed  at  Maidenhead,  was  situated  to  the 
south  of  V  Cygni,  by  one-third  of  the  distance  between  that  star 
and  a  Cygni. — (Translators'  Note.) 
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only  of  the  same  narrow  greenish -yellow  band  of 
light  the  position  of  which  has  been  already  de- 
termined, and  which  is  not  coincident  with  any  of  the 
lines  of  known  elements.  In  those  portions,  however, 
of  the  sky  which  to  the  eye  seemed  unilluminated, 
the  spectroscope  revealed  very  clearly  the  charac- 
teristic line  of  the  Aurora.  Dr.  Tietjen  states  that 
some  weeks  previous^,  in  the  same  observatory,  upon 
evenings  when  no  trace  of  Aurora  was  visible,  the 
spectroscope  showed  the  same  line  in  several  places 
in  the  sky.  , 

On  the  .  same  evening,  Capron  at  Guildford  ob- 
served in  the  spectrum  of  the  Aurora  a  very  bright 
line  in  the  green,  which  was  distinctly  visible  in  all 
parts  of  the  sky,  but  which  appeared  with  remark- 
able bjilliancy  in  the  silver- white  rays  of  the  Aurora. 
Besides  this  line,  there  was  also  a  much  fainter  line 
in  the  red,  which  is  the  lithium  line. 

An  observer  at  St.  Mary  Church,  Torquay,  de- 
scribes the  spectrum  as  consisting  of  four  lines  in  the 
red  and  one  line  in  the  green ;  of  these  a  strongly 
marked  red  line  was  near  C,  a  strongly  marked  pale 
yellow  line  near  D,  a  paler  one  near  F,  and  a  still 
fainter  one  beyond  ;  there  was  also  a  faint  con- 
tinuous spectrum  that  extended  from  D  to  beyond 
F.  The  line  near  C  was  the  brightest  of  all  the 
lines  ;  in  position  and  colour  it  lay  between  the  red 
lines  of  lithium  and  calcium.  The  observer  is  of 
opinion  that  two  spectra  were  here  superposed,  one 
produced  by  the  red  rays,  consisting  of  the  four  lines 
and  the  faint  continuous  spectrum,  the  other  given 
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by  the  remaining  light,  showing  the  greenish  line 
near  D. 

Gibbs,  observing  in  London  on  the  same  evening, 
saw  only  a  line  in  the  red  very  similar  to  the  C-line 
(H  a),  and  another  line  in  the  pale  green  part  of 
the  spectrum. 

Elger,  in  Bedford,  also  observed  a  red  band  near 
C,  a  very  bright  white  band  .near  D,  apparently  the 
characteristic  line  of  the  Aurora  mentioned  before  as 
being  visible  on  the  25th  of  October  in  every  portion 
of  the  sky,  a  faint  and  ill-defined  line  near  F,  as  w^ell 
as  an  exceedingly  faint  line  about  midway  between 
these  last  two  lines.  The  red  band  was  absent  from 
the  spectrum  of  the  white  rays  of  the  Aurora,  whereas 
th^; remaining  three  lines  were  always  visible.  These 
observations  establish  the  supposition  that  the  dif- 
ferent rays  of  the  Aurora  Borealis  produce  different 
spectra. 

On  the  same  evening  the  Aurora  was  observed  by 
Zollner  at  Leipzig  with  one  of  Browning's  miniature 
spectroscopes  (Figs.  49  and  172),  when  he  obtained 
the  spectrum  represented  in  Fig.  223.  In  order  to 
collect  sufficient  light,  the  slit  was  opened  tolerably 
wide ;  and  for  the  purpose  of  securing  an  approxi- 
mate estimate  of  the  position  of  the  lines  of  the 
Aurora,  those  of  lithium  and  sodium  were  produced 
simultaneously  by  means  of  a  spirit  lamp.  The  line 
(2)  in  the  green  part  of  the  spectrum  is  in  all  pro- 
bability the  characteristic  auroral  line  (1474  K.);  the 
red  line  (i)  in  this  case  also  was  only  well  seen 
when  the  instrument  was  directed  to  those  parts  of 
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the  sky  which  appeared  to  b3  deep  red,  while  the 
green  line  (2)  was  brilliant  in  every  part  of  the 
Aurora.  In  the  blue  parts  of  the  spectrum  the  faint 
bands  a,  /3  were  only  occasionally  seen,  of  which  the 
most  striking  was  the  broad  dark  band  /3  as  it  ap- 
peared against  a  bright  background, 

The  English  observers  speak  of  some  remarkably 
faint,  ill-defined  bright  bands  near  F  and  a  little 
beyond  it,  as  well  as  of  a  continuous  spectrum  be- 
tween D  and  F ;  Zollner,  on  the  contrary,  regards 
these  ill-defined  bands  in  the  blue  as  the  remains 
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Spectrum  of  the  Aurora  Borealis  after  Zollner. 


of  the  continuous  spectrum  which  has  been  broken 
up  by  the  dark  absorption  bands  a,  /3. 

It  was  not  till  after  the  disappearance  of  the  Aurora 
that  Zollner  was  able  to  observe  in  the  same  spectro- 
scope the  sepctra  of  hydrogen,  nitrogen,  oxygen, 
and  carbonic  acid  in  Geissler's  tubes  ;  nevertheless 
this  observer  was  convinced,  in  consequence  of  the 
simultaneous  observation  of  the  spectrum  of  sodium 
and  that  of  lithium,  that  the  red  line  of  the  Aurora 
(i)  was  not  coincident  with  the  brightest  parts  in  the 
spectra  of  any  of  these  four  gases.  It  is  more 
refrangible  than  the  red  hydrogen  line  H  «,  which 
is  acknowledged  also  by  the  English  observers,  and 
may  possibly,  according  to  Zollner,  lie  near  the 


SPECTRUM  OF  THE  AURORA  BOREALIS.  619 

o 

position  of  the  group  of  dark  telluric  lines  a  (Ang- 
strom,  Fig.  95,  Plate  VI.),  situated  between  C  and 
D  in  the  solar  spectrum,  the  mean  wave-length  of 
which  is  0*0006279  of  a  millimetre. 

Since  the  chief  lines  in  the  spectrum  of  the  Aurora 
Borealis  are  not  found  to  be  coincident  with  those 
of  any  of  the  spectra  hitherto  observed  of  terrestrial 
elements,  Zollner  concludes  that  if  the  light  de- 
veloped by  the  Aurora  be  chiefly  of  an  electric 
character  analogous  to  the  gases  made  luminous 
in  a  vacuum-tube,  it  must  belong  to  a  temperature 
lower  than  that  at  which  it  is  possible  to  observe  the 
spectra  of  gases  rendered  luminous  in  a  Geissler's 
tube.  The  spectrum  of  the  Aurora  Borealis  is  not  there- 
fore coincident  ivith  any  of  the  known  spectra  of  gases  of 
our  atmosphere,  because  it  is  a  spectrum  of  an  order  that 
has  not  yet  been  artif  dally  produced. 

For  a  further  explanation  of  the  mysterious  phe- 
nomenon of  the  Aurora  Borealis,  more  complete 
measurements  of  the  position  of  the  various  lines  of 
its  spectrum  are  necessary,  made  at  various  distances 
from  the  North  Pole,  especially  within  the  polar 
circle  ;  while,  on  the  other  hand,  physicists  will 
feel  impelled  to  test  by  suitable  experiments  the 
ingenious  and  well-grounded  theory  of  Zollner,  and 
compare  the  results  of  their  investigations  with  the 
spectroscopic  observations  of  the  Aurora  Borealis. 
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ON  THE  CAUSE 

OF  THE 

INTERRUPTED  SPECTRA  OF  GASES. 

BY 

G.  JOHNSTONE  STONEY,  M.A.,  F.R.S.* 


In  the  Philosophical  Magazine  for  August  1868, 
there  is  a  paper  "  On  the  Internal  Motions  of 
Gases,"  t  by  the  author  of  the  following  communi- 
cation, in  which  a  comparison  is  instituted  between 
these  motions  and  the  phenomena  of  light,  from 
which  the  conclusion  is  drawn  that  the  lines  in  the 
S[)ectra  of  gases  are  to  be  referred  to  periodic  mo- 
tions within  the  individual  molecules,  and  not  to  the 
irregular  journeys  of  the  molecules  amongst  one 
another. 

*  From  the  Proceedings  of  the  Royal  Irish  Academy,  read  January  9,  1S71. 
f  In  reading  that  paper,  the  reader  is  requested  to  correct  16'  into  v'i6  at 
the  end  of  paragraph  2. 
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Mr.  Stoney  thinks  it  possible  now  to  advance 
another  step  in  this  inquiry,  and  has  given  to  the 
Royal  Irish  Academy  an  account,  of  which  the 
following  is  an  abstract,  of  the  grounds  upon  which 
he  founds  this  hope. 

A  pmdulous  vibration,  according  to  the  meaning  which  has' 
been  given  to  that  phrase  by  Helmholtz,  is  such  a  vibration  as 
is  executed  by  the  simple  cycloidal  pendulum.  It  is,  accordingly, 
one  in  which  the  relation  between  the  displacement  of  each 
particle  and  the  time  is  represented  by  the  simple  curve  of  sines, 
of  which  the  equation  is 

J  =  Co  +  Ci  sin  {x  +  a), 

where  _v  -  Co  is  the  displacement  of  the  particle  from  its  central 
position  ;  Ci  is  the  amplitude  of  the  vibration ;  x  stands  for 
2-ir  where  /  is  the  time  from  a  fixed  epoch,  and  t  the  period  of  a 
complete  double  vibration ;  and  a  is  a  constant  depending  on  the 
phase  of  the  vibration  at  the  instant  which  is  taken  as  the  epoch 
from  which  /  is  measured. 

Now  we  may  not  assume  that  the  waves  impressed  on  the 
ether  by  one  of  the  periodic  motions  within  a  molecule  of  a  gas 
are  of  this  simple  character.  We  must  expect  them  to  be  usually 
much  more  involved.  And  whatever  may  happen  to  be  the  in- 
tricacy of  their  form  near  to  their  origin,  they  will  retain  sub- 
stantially the  same  complex  character  so  long  as  they  advance 
through  the  open  undispersing  ether,  in  which  waves  of  all 
lengths  travel  at  the  same  rate.  But  it  would  seem  that  a  very 
different  state  of  things  must  arise  when  the  undulation  enters  a 
dispersing  medium,  such  as  glass. 

Let  us  suppose  that  the  undulation*  before  it  enters  the  glass 
consists  of  plane  waves.  Then,  whatever  the  form  of  these  waves, 
the  relation  between  the  displacement  of  an  element  of  the  ether 
and  the  time  may  be  represented  by  some  curve  repeated  over 
and  over  again.  This  curve  may  be  either  one  continuous  curve, 
or  parts  of  several  different  curves  joined  on  to  one  another.  In 
the  latter  case  (which  includes  the  other)  one  of  the  sections  of 
the  curve  may  be  represented  by  the  equations 

*  By  the  term  undulation  is  to  be  understood  a  series  of  waves. 
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y=<pQ  {x)  from  x=o  to  x^x^,  \ 
y-  <Pi  (x)  from  x=Xi  to  x=x.^,  f 
and  so  on  to  ?••••(  0 

y=<f>i  (x)  from  x=x  to  x=2ir,  j 

y  being  the  displacement,  and  x  being  an  abbreviation  for  27r^^' 
.where  t  is  the  complete  periodic  time  of  one  wave. 

The  undulation  in  vacuo  will  then  be  represented,  according  to 
Fourier's  well-known  theorem,  by  the  following  series  : 

j  =  Ao+A,  cos  a- -f- A,  cos  2^ -f-  ...    I  ,  > 

-I- B,  sin  ;t  +  Ba  sin  2:t:+  .  .  .    j      '    '    "  ' 

where  the  coefficients  are  obtained  from  equations  (i)  by  the  de- 
finite integrals 


/ 


27r 

y  cos  nx,  dx=irA,„  ] 

0 

y  sin  7ix,  dx=irB„. 


(3) 


Equation  (2),  the  equation  of  the  undulation  before  it  enters 
the  glass,  may  be  put  into  the  more  convenient  form 

j;- Ao=C,  sin  („r  +  ai)  -i-Q  sin  (2^  +  02)  -I-     ...  (4) 

where  y  -  Ao  is  the  displacement  from  the  position  of  rest,  and 
the  new  constants  are  related  to  those  of  equation  (2)  as  follows  : 

A 

C„=  Va,.  +  bI;     a,.  =  tan-'^"  (5) 

The  first  term  of  expansion  (4)  represents  a  pendulous  vibration 
of  the  full  period  r ;  the  remaining  terms  represent  harmonics  of 
this  vibration ;  /'.  e.,  their  periodic  times  are  etc    All  of 

these  also  are  pendulous ;  so  that  equation  (4)  is  equivalent  to  the 
statement  that  whatever  be  the  form  of  the  plane  undulation 
before  entering  the  glass,  it  may  be  regarded  as  formed  by  the 
superposition  of  a  number  of  simple  pendulous  vibrations,  one 
of  which  has  the  full  periodic  time  t-,  while  the  others  are  har- 
monics of  this  vibration. 

Moreover  these  vibrations  will  coexist  in  a  state  of  mechanical 
independence  of  one  another,  if  the  disturbance  be  not  too  violent 
or  the  legitimate  employment  of  the  principle  of  the  super- 
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position  of  small  motions.  So  long  as  the  light  traverses  undis- 
persing  space  these  constituent  vibrations  will  strictly  accompany 
one  another,  since  in  open  space  waves  of  all  periods  travel  at 
the  same  velocity.  The  general  resulting  undulauon  will  there- 
fore here  retain  whatever  complicated  form  it  may  have  had  at 
first.  But  when  the  undulation  enters  such  a  medium  as  glass, 
in  which  waves  of  different  periods  travel  at  different  rates,  the 
constituent  vibrations  are  no  longer  able  to  keep  together,  each 
being  forced  to  advance  through  the  glass  at  a  speed  depending 
on  its  periodic  time.  I'hus  there  arises  a  physical  resolution 
within  the  glass  of  series  (4)  into  its  constituent  terms.*  And 
if  the  glass  be  in  the  form  of  a  prism,  the  pendulous  undulations 
corresponding  to  the  successive  terms  of  series  (4)  will  emerge 
in  different  directions,  so  that  each  will  give  rise  to  a  separate 
line  in  the  spectrum  of  the  gas. 

We  thus  find  that  one  periodic  motion  in  the  molecules  of  the 
incandescent  gas  ma/  be  the  source  of  a  whole  series  of  lines  in 
the  spectrum  of  the  gas.  The  «th  of  these  lines  is  represented 
by  the  term 

C„  sin  (^.r  +  a,,)? 

in  which  C„  is  the  amplitude  of  the  vibration ;  and  consequently 
Ch  represents  the  brightness  of  the  line.  If  some  of  the  co- 
eflficients  of  series  (4)  vanish,  the  corresponding  lines  are.  absent 
from  the  spectrum.  This  is  analogous  to  the  familiar  case  of  the 
suppression  of  some  of  the  harmonics  in  music,  and  appears  to 

*  Other  expansions  similar  to  Fourier's  series  can  be  conceived,  in  which  the 
terms,  instead  of  representing  pendulous  vibrations,  would  represent  vibrations 
of  any  other  prescribed  form  ;  and  hence  a  doubt  may  arise  whether  the 
physical  resolution  efifected  by  the  prism  is  into  the  terms  of  the  simpler  series. 
That  it  is  so  may,  perhaps,  not  be  susceptible  of  demonstration  ;  but  the  follow- 
ing considerations  seem  to  show  it  to  be  probable  in  so  high  a  degree  that  it  is 
the  hypothesis  which  we  ought  provisionally  to  accept.  For,  first,  the  form  of 
the  emerging  vibrations  is  independent  of  the  material  of  the  prism,  since  the 
lines  correspond  to  the  same  wave-lengths  as  seen  in  all  prisms  ;  and,  secondly, 
it  is  independent  of  the  amplitude  of  the  vibration  within  very  wide  limits, 
since  the  positions  of  the  lines  remain  fixed  through  great  ranges  of  temperature, 
and  in  many  cases,  when  the  temperature  falls  so  low  that  the  lines  fade  out 
through  excessive  faintness.  The  first  consideration  shows  the  series  to  be  the 
same  under  varying  circumstances  ;  and  the  second  consideration  suggests,  as  in 
the  theory  of  the  superposition  of  small  motions,  that  this  series  is  a  series  of 
pendulous  vibrations. 
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be  what  usually  occurs  in  those  spectra  which  are  called  by 
Pliicker  spectra  of  the  Second  Order. 

In  spectra  of  this  kind  the  lines  which  fall  within  the  limits 
of  the  visible  spectrum  appear  at  first  sight  to  be  scattered  at 
irregular  intervals.  This  may  arise,  and  probably  does  in  most 
cases  arise  in  part,  from  the  circumstance  that  there  may  be 
several  distinct  motions  in  each  molecule  of  the  gas,  each  of 
which  produces  its  own  series  of  harmonics  in  the  spectrum, 
which  by  their  being  presented  together  to  the  eye  give  the 
appearance  of  a  confused  maze  of  lines.  But  it  appears  also  to 
arise  in  part  from  the  absence  of  most  of  the  harmonics,  so  that 
it  is  not  easy  to  trace  the  relationship  between  the  few  that  re- 
main. To  do  so  Avithout  the  assistance  of  spectra  of  the  First 
Order,  requires  that  we  should  have  at  our  disposal  determina- 
tions of  the  wave-lengths  of  the  lines  made  with  extraordinary 
accuracy ;  and  perhaps  in  a  few  cases,  as,  for  example,  in  the 
case  of  hydrogen,  the  marvellous  determinations  which  have  been 

o 

made  by  Angstrom  may  have  the  requisite  precision. 

The  ordinary  spectrum  of  hydrogen  consists  of  four  lines,  cor- 
responding to  C  in  the  solar  spectrum,  F,  a  line  near  G,  and  h. 
To  these  it  is  possible  that  we  ought  to  add  a  conspicuous  line 
in  the  solar  prominences  which  lies  near  D,  but  which  has  not 
yet  been  found  in  the  artificial  spectrum  of  hydrogen.  Of  these 
lines,  three,  viz.,  C,  F,  and  are  to  be  referred  to  the  same  motion 
in  the  molecules  of  the  gas. 

In  fact  the  wave-lengths  of  these  lines,  as  determined  by 

o 

Angstrom,*  are  : 

/;  =  4ioi'2  tenth-metres. 
F  =  486o74  „ 
0  =  6562-10  „ 

These  are  their  wave-lengths  in  air  of  standard  pressure  and 
14°  temperature,  determined  with  extraordinary  precision.  We 
must  correct  these  for  the  dispersion  of  the  air,  so  as  to  arrive  at 
the  wave-lengths  in  vacuo  which  are  proportionate  to  the  periodic 
times.  Now,  by  interpolating  between  Ketteler's  observations  f 
on  the  dispersion  of  air,  we  find 

*  Angstrom's  Recherches  sur  le  Spectre  Solaire,  p.  31.  A  tenth-metre  means 
a  metre  divided  by  lo'° ;  similarly  a  fourteenth-second  is  a  second  of  time 
divided  by  Io'^ 

t  Phil.  Mag.  1866,  vol.  xxxii.,  p.  34$. 
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I'ooo  29952, 

A'F=  I'OOO  29685, 
MC-I"000  29383 

for  the  refractive  indices  of  air  of  standard  pressure  and  tempe- 
rature for  the  rays  h,  F,  and  C.  From  these  we  deduce  that  if 
the  air  be  at  14°  of  temperature,  the  refractive  indices  will  become 

n-h—\'ooo  2845, 
Mf=  I'ooo  2820, 
Mc=  I'ooo  2791. 

Multiplying  the  foregoing  wave-lengths  by  these  values,  we  find 
for  the  wave-lengths  in  vacuo, 

-^  =  4102 "3 7  tenth-metres, 
F=4862-ii  „ 
^-6563-93  „ 

which  are  the  32nd,  27th,  and  20th  harmonics  of  a  fundamental 
vibration  whose  wave-length  ifi  vacuo  is 

0T3T27714  of  a  millimetre, 
as  appears  from  the  following  Table  : — 


Observed  wave-lengths 
reduced  to  wave-lengths 
in  vacuo. 

Calculated  values. 

Diflferences. 

Tenth-metres. 
>%  =  4io2-37 
F  =  4862'i  I 
0  =  6563-93 

Tenth-metres. 
tjVx  I3i277-i4  =  4i02-4i 
TfVx  I3i277*i4=4862'i2 

i3i277-i4=6563-86 

Tenth-metres. 
+  0.04 
+  o*oi 
-  0*07 

Thus  the  outstanding  differences  are  all  fractions  of  an  eleventh- 

o 

metre,  an  eleventh-metre  being  the  limit  within  which  Angstrom 
thinks  that  his  measures  may  be  depended  on. 

The  wave-length  0-13127714  of  a  millimetre  corresponds  to  the 
periodic  time  4-4  fourteenth-seconds,  if  we  assume  the  velocity  of 
light  to  be  298,000,000  metres  per  second. 

Hence  we  may  conclude,  with  a  good  deal  of  confidence,  that 
4-4  fourteenth-seconds  is  very  nearly  the  periodic  time  of  one  of 
the  motions  within  the  molecules  of  hydrogen. 

The  other  harmonics  of  this  fundamental  motion  in  the  mole- 
cules of  hydrogen — viz.,  the  19th,  21st,  22nd,  etc.,  harmonics — are 
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not  found  in  this  spectrum  of  hydrogen.  But  two  other  spectra 
of  hydrogen  are  known  to  exist  in  which  there  are  a  great  number 
of  Hnes  ;  and  possibly  the  missing  harmonics  will  be  found  among 
them  when  their  positions  shall  have  been  sufficiently  accurately 
mapped  down.  A  far  more  moderate  degree  of  accuracy  will  suffice 
in  this  case  than  was  required  by  the  foregoing  investigation. 

But  it  is  from  the  examination  of  spectra  of  die  First  Order  that 
the  most  copious  results  may  be  expected.  These  spectra  consist 
of  lines  ruled  close  to  one  another,  and  presenting  in  the  aggregate 
the  appearance  of  patterns  which  often  resemble  the  flutings  on  a 
pillar.  When  these  spectra  are  more  carefully  examined,  it  is  pro- 
bable that  the  whole  series  of  lines  occasioning  one  of  the  fluted 
patterns  will  be  found  to  be  the  successive  harmonics  of  a  single 
motion  in  the  molecules  of  the  gas.  It  may  readily  be  shown  that 
such  patterns  as  are  met  with  in  nature  may  in  this  way  arise.  For 
this  purpose  it  is  only  necessary  to  make  some  suitable  hypothesis 
as  to  the  original  undulation  impressed  by  the  gas  upon  the  ether. 
Thus,  if  the  law  of  this  undulation  were  the  same  as  that  of  the 
motion  of  a  point  near  the  end  of  a  violin-string,  and  of  a  periodic 
time  sufficiently  long  (as,  for  example,  two  million-millionths  of  a 
second),  this  undulation,  when  analyzed  by  the  prism,  would  give 
a  spectrum  covered  with  lines  ruled  at  intervals  about  the  same  as 
that  between  the  two  D  lines,  and  of  intensities  varying  so  as  to 
become  gradually  brighter  and  then  gradually  fainter  several  times 
in  succession  in  passing  from  line  to  line  along  the  spectrum.  These 
alternations  would  give  a  fluted  appearance  to  the  spectrum ;  and 
from  appropriate  hypotheses  as  to  the  original  vibration,  all  the 
patterns  met  with  in  nature  would  result.  Possibly  it  may  prove 
to  be  practicable  to  trace  back  from  the  appearances  presented 
within  the  limits  of  the  visible  spectrum  to  the  character  of  the 
original  motion  to  which  they  are  all  to  be  referred.  But,  however 
this  may  be,  it  will  be  easy  in  a  spectrum  of  this  kind,  in  which  we 
have  a  long  series  of  consecutive  harmonics,  to  determine  at  least 
the  period  of  this  motion  ;  and  it  is  in  the  examination  of  these 
spectra  that  the  most  easily  obtained  results  may  be  expected. 
But  the  necessary  observations  arc  at  present  almost  altogether 
wanting.  The  only  case  in  which  the  author  had  been  able  to 
arrive  at  any  result  was  that  of  the  nitrogen  spectrum  of  the  First 
Order,  observed  by  Pliicker.    It  would  appear  from  his  observa- 
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tions*  that  the  more  refrangible  of  the  two  fluted  patterns  observed 
by  him  is  due  to  a  motion  in  the  gas  having  a  wave-length  of  about 
0-89376  of  a  millimetre,  which  corresponds  to  a  periodic  time  of 
three  twelfth-seconds,  one  of  the  flutings  consisting  of  the  thirty-five 
harmonics  from  about  the  1960th  to  the  1995th. 

This  result,  however,  does  not  command  the  confidence  which 
the  preceding  determination  of  one  of  the  periodic  times  in  hydro- 
gen does ;  but  it  v/ill  sufiice  to  show  the  character  of  the  much 
easier  investigation  which  has  to  be  made  in  the  case  of  gases 
which  produce  spectra  of  the  First  Order. 

Note. — Since  the  foregoing  communication  was  made  to  the  Royal  Irish 
Academy,  Mr.  Stoney  and  Mr.  J.  Emerson  Reynolds,  of  Dublin,  have  pub- 
lished an  account  of  a  detailed  examination  of  the  absorption  spectrum  of  the 
vapour  of  chlorochromic  anhydride  at  atmospheric  temperatures.  (See  Phil. 
Mag.  for  July  1871.)  This  vapour,  Avhich  is  of  a  brown  colour,  absorbs  very 
little  of  the  red,  while  it  entirely  obliterates  the  other  end  of  the  spectrum, 
shutting  out  the  blue,  indigo,  and  violet ;  and  in  the  interval  between  these 
two  regions,  extending  over  the  orange,  yellow,  and  green,  there  are  about 
120  or  130  lines.  The  positions  of  31  of  these,  distributed  irregularly  over 
nearly  the  whole  of  this  range,  were  measured.  In  doing  this,  those  lines 
were  selected  of  which  the  positions  could  be  determined  accurately  with  the 
most  ease,  and  in  every  one  of  these  cases  the  position  of  the  line  was  found  to 
be  that  which  Mr.  Stoney's  theory  assigns  to  it. 

According  to  the  theory,  the  whole  series  of  lines  is  due  to  a  single  motion 
in  the  molecules  of  the  vapour.    And  the  periodic  time  of  this  motion  as 

given  by  the  observations  is     -,  where  r  is  the  time  which  light  takes  to 

2 '70 

advance  one  millimetre.  The  Authors  are  of  opinion  that  this  determination 
cannot  be  in  error  by  more  than  one  five-hundredth  part  of  its  amount,  and  it 
indicates,  if  the  theory  can  be  depended  on,  that  the  fundamental  motion  is 
executed  rather  more  than  eight  hundred  thousand  millions  of  times  in  each 
molecule  of  the  vapour  every  second  of  time. 

In  order  to  complete  this  picture,  we  should  bear  in  mind  that  according  to 
the  most  recent  estimates  of  physicists,  the  number  of  molecules  in  each  cubic 
millimetre  of  the  vapour  is  about  a  million  times  a  million  of  millions. 

Messrs.  Stoney  and  Reynolds  have  also  attempted  to  extract  some  informa- 
tion about  the  character  of  the  motion,  from  the  succession  of  intensities  of  the 
lines  in  the  spectrum  ;  and  they  arrive  at  the  conclusion  that  it  bears  a  curious 
relation  to  the  motion  of  a  certain  point  upon  a  violin  string  while  the  bow  is 
being  drawn,  viz.,  a  point  that  lies  at  a  distance  of  nearly  but  not  quite  two- 
fifths  of  the  length  of  the  string  from  one  end. 

*  Philosophical  Transactions  for  1865,  p.  7,  §  16. 
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Preliminary  Catalogue  of  the  Bright  Lines  iji  the 
Spectrum  of  the  Chromosphere.  By  C.  A. 
Young,  Ph.D.,  Professor  of  Astronomy  in 
Dartmouth  College. 

{Added  by  ihe  Traristators  from  the  Philosophical  Magazine  for 

JVovember  187 1.) 

The  following  list  contains  the  bright  lines  which 
have  been  observed  by  the  writer  in  the  spectrum 
of  the  chromosphere  within  the  past  four  weeks.  It 
includes,  however,  only  those  which  have  been  seen 
twice  at  least ;  a  number  observed  on  one  occasion 
(September  7)  still  await  verification. 

The  spectroscope  employed  is  the  same  described 
in  the  Journal  of  the  Franklin  Institute  for  November 
1870;  but  certain  important  modifications  have 
since  been  effected  in  the  instrument.  The  telescope 
and  collimator  have  each  a  focal  length  of  nearly 
10  inches,  and  an  aperture  of  §  of  an  inch.  The 
prism-train  consists  of  five  prisms  (with  refracting 
angles  of  55°)  and  two  half-prisms.  The  light  is 
sent  twice  through  the  whole  series  by  means  of  a 
prism  of  total  reflection  at  the  end  of  the  train,  so 
that  the  dispersive  power  is  that  of  twelve  prisms. 
The  instrument  distinctly  divides  the  strong  iron 
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line  at  1961  of  Kirchhoff's  scale,  and  separates  B 
(not  b)  into  its  three  components.  Of  course  it  easily 
shows  everything  that  appears  on  the  spectrum- 
maps  of  Kirchhoff  and  Angstrom.  The  adjustment 
for  "  the  position  of  minimum  deviation"  is  auto- 
matic; i.e.,  the  different  portions  of  the  spectrum 
are  brought  to  the  centre  of  the  field  of  view  by  a 
movement  which  at  the  same  time  also  adjusts  the 
prisms. 

The  telescope  to  which  the  spectroscope  is  at- 
tached is  the  new  equatorial  recently  mounted  in 
the  observatory  of  the  College  by  Alvan  Clark  and 
Sons.  It  is  a  very  perfect  specimen  of  the  admirable 
optical  workmanship  of  this  celebrated  firm,  and 
has  an  aperture  of  inches,  with  a  focal  length  of 
12  feet. 

In  the  Table,  the  first  column  contains  simply  the 
reference  number.  An  asterisk  denotes  that  the 
line  affected  by  it  has  no  well-marked  corresponding 
dark  line  in  the  '.rdinary  solar  spectrum. 

The  second  column  gives  the  position  of  the  line 
upon  the  scale  of  Kirchhoff's  map,  determined  by 
direct  comparison  with  the  map  at  the  time  of  ob- 
servation. In  some  cases  an  interrogation  mark  is 
appended,  which  signifies  not  that  the  existence  of 
the  line  is  doubtful,  but  only  that  its  precise  place 
could  not  be  determined,  either  because  it  fell  in  a 
shading  of  fine  lines,  or  because  it  could  not  be 
decided  in  the  case  of  some  close  double  lines  which 
of  the  two  components  was  the  bright  one,  or, 
finally,  because  there  were  no  well-marked  dark 
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lines  near  enough  to  furnish  the  basis  of  reference 
for  a  perfectly  accurate  determination. 

The  third  column  gives  the  position  of  the  line 

o 

upon  Angstrom's  normal  atlas  of  the  solar  spectrum. 
In  this  column  an  occasional  interrogation  mark 
denotes  that  there  is  some  doubt  as  to  the  precise 

o 

point  of  Angstrom's  scale  corresponding  to  Kirch- 
hoff's.  There  is  considerable  difference  between 
the  two  maps,  owing  to  the  omission  of  many  faint 

o 

lines  by  Angstrom,  and  the  want  of  the  fine  gra- 
dations of  shading  observed  by  Kirchhoff,  which 
renders  the  co-ordination  of  the  two  scales  some 
times  difficult,  and  makes  the  atlas  of  Kirchhoff  far 
superior  to  the  other  for  use  in  the  observator}^ 

The  numbers  in  the  fourth  column  are  intended 
to  denote  the  percentage  of  frequency  with  which 
the  corresponding  lines  are  visible  in  my  instrument. 
They  are  to  be  regarded  as  only  roughly  approxi- 
mative ;  it  would,  of  course,  require  a  much  longer 
period  of  observation  to  furnish  results  of  this  kind 
worthy  of  much  confidence. 

In  the  fifth  column  the  numbers  denote  the  rela- 
tive brilliance  of  the  lines  on  a  scale  where  100  is 
the  brightest  and  i  the  faintest.  These  numbers 
also,  like  those  in  the  preceding  column,  are  entitled 
to  very  little  weight. 

The  sixth  column  contains  the  symbols  of  the 
chemical  substances  to  which,  according  to  the 
maps  above  referred  to,  the  lines  owe  their  origin. 

There  are  no  disagreements  between  the  two 
authorities;    in   the  majority  of  cases,  however, 
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Ang"strom  alone  indicates  the  element ;  and  there 
are  several  instances  where  the  lines  of  more  than 
one  substance  coincide  with  each  other  and  with  a 
line  of  the  solar  spectrum  so  closely  as  to  make  it 
impossible  to  decide  between  them. 

In  the  seventh  and  last  column  the  letters  J.,  L., 
and  R.  denote  that,  to  my  knowledge,  the  line  indi- 
cated has  been  observed,  and  its  place  published  by 
Janssen,  Lockyer,  or  Rayet.  It  is  altogether  pro- 
bable that  a  large  portion  of  the  other  lines  con- 
tained in  the  catalogue  have  before  this  been  seen 
and  located  by  one  or  the  other  of  these  keen  and 
active  observers  ;  but  if  so,  I  have  as  yet  seen  no 
account  of  such  determinations. 

I  would  call  especial  attention  to  the  lines  num- 
bered I  and  82  in  the  catalogue ;  they  are  very  per- 
sistently present,  though  faint,  and  can  be  distinctly 
seen  in  the  spectroscope  to  belong  to  the  chromo- 
sphere as  such,  not  being  due,  like  most  of  the 
other  lines,  to  the  exceptional  elevation  of  matter 
to  heights  where  it  does  not  properly  belong.  It 
would  seem  very  probable  that  both  these  lines  are 
due  to  the  same  substance  which  causes  the 
line. 

I  do  not  know  that  the  presence  of  titanium 
vapour  in  the  prominences  and  chromosphere  has 
before  been  ascertained.  It  comes  out  very  clearly 
from  the  catalogue,  as  no  less  than  20  of  the  whole 
103  lines  are  due  to  this  metal. 
Hanover,  N.H.,  Sept.  13,  1871. 
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Preliminary  Caialogjie  of  Chromospheric  Lijies. 
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Preliminary  Catalogue  of  Chrotnospheric  Lines — continued. 


Reference 
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The  Life  of  Isambard  Kingdom 

Brunei,  Civil  Engineer.  By  Isambard 
Brunel,  B.C.L.  of  Lincoln's  Inn,  Chan- 
cellor of  the  Diocese  of  Ely.  With  Por- 
trait, Plates,  and  Woodcuts.   8vo.  21s. 


The  Life  and  Letters  of  the  Rev, 
Sydney  Smith.  Edited  by  his  Daughter, 
Lady  Holland,  and  Mrs.  Austin.  New 
Edition,  complete  in  One  Volume.  Crown- 
8vo.  price  6s. 

Some  Memorials  of  R.  D.  Hamp- 
den, Bishop  of  Hereford.  Edited  by  his 
Daughter,  Henrietta  Hampden.  8vo. 
with  Portrait,  price  12s. 

The  Life  and  Travels  of  George 

Whitefield,  M.A.  By  James  Patkuson 
Gledstone.   8vo.  price  14s. 


'This  pleasantly-writ- 
ten and  genial  biography 
of  the  most  extraordi- 
nary preacher  that  Eng- 
land ever  produced  en- 
deavours, and  we  think 
with  considerable  snc- 
cess,    to    furnish  the 


answer  to  a  question 
which  at  first  appears  to 
be  almost  incapable  of 
any  satisfactory  solution 
—What  was  the  secret  of 
his  extraordinary  power.  * 

AtJIE.NvEUM. 
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Memoir  of  Pope  Sixtus  the  Fifth. 

By  Baron  Hujjxku.  Tianslatocl  from  the 
Original  in  French,  with  the  Author's 
sanction,  by  Hubekt  E.  H.  Jernixgiiam. 
2  vols.  8vo.  [In  the  press. 

The  Life  and  Letters  of  Faraday. 

By  Dr.  Bkxce  Jones,  Secretarj'  of  the 
Royal  Institution.  Second  Edition,  with 
Portrait  and  Woodcuts.    2  vols.  8vo.  28s. 

Faraday  as  a  Discoverer.  By  John 

Ttndall,  LL.D.  F.R.S.  Xew  and  Cheaper 
Edition,  Arith  Two  Portraits.  Fcp.  8vo. 
price  3s.  6(/. 

Lives  of  the  Lord  Chancellors 

uud  Keepers  of  the  Great  Seal  of  Ireland, 
from  the  Earliest  Times  to  the  Eeign  of 
Queen  Victoria.  By  J.  R.  O'Flanagan, 
M.R.I.A.  Barrister.    2  vols.  8vo.  3Gs. 

Dictionary  of  General  Biography; 

containing  Concise  Memoirs  and  Notices  of 
the  most  Eminent  Persons  of  all  Countries, 
from  the  Earliest  Ages  to  the  Present  Time. 
Edited  by  William  L.  R.  Cates.  8vo. 
price  21s. 

Life  of  the  Duke  of  Wellington. 

By  the  Rev.  G.  R.  Gleig,  M.A.  Popular 
Edition,  carefully  revised ;  with  copious 
Additions.   Crown  8vo.  with  Portrait,  5s. 

Father  Mathew ;  a  Biography. 

By  John  Francis  Maguire,  M.P.  Popular 
Edition,  with  Portrait.    Crown  8vo.  3s.  Gd. 


History  of  my  Religious  Opinions. 

By  J.  II.  Newman,  D.D.  Being  the  Sub- 
stance of  Apologia  pro  Vita  Sua.  Post  8vo. 
price  6s. 

Letters    and    Life  of  Francis 

Bacon,  includmg  all  his  Occasional  Works. 
Collected  and  edited,  with  a  Commentary, 
by  J.  Spedding.  Vols.  I.  &  II.  8vo.  2is. 
Vols.  III.  &  IV.  24s.   Vol.  V.  12«. 

Felix  Mendelssohn's  Letters  from 

ItaJi/  and  Switzerland,  and  Letters  from 
1833  to  1847,  translated  by  Lady  Wallace. 
With  Portrait.   2  vols,  crown  8vo.  5«.  each. 

Memoir's  of  Sir  Henry  Havelock, 

KLC.B.  By  John  Clark  Marshjlvn. 
People's  Edition,  ivith  Portrait.  Crown  8vo. 
price  3s.  &d. 

Essays  in  Ecclesiastical  Biogra- 
phy. By  the  Eight  Hon.  Sir  J.  Stephen, 
LL.D.    Cabinet  Edition.  Cro-vvn  8vo.  7s.  6rf. 

Vicissitudes  of  Families.  By  Sir 

J.  Bernard  Burke,  C.B.  Ulster  King  of 
Arms.  New  Edition,  remodelled  and  en- 
larged.  2  vols,  crown  8vo.  21s. 

Lives  of  the  Queens  of  England. 

By  Agnes  Strickland.  Library  Edition, 
newh"  revised ;  with  Portraits  of  every 
Queen,  Autographs,  and  Vignettes.  8  vols, 
post  8vo.  7s.  6(/.  each. 

Maunder's  Biographical  Trea- 
sury. Thirteenth  Edition,  reconstructed  and 
partly  re-written,  with  above  1,000  additional 
Memoirs,  by  W.  L.  R.  Cates.  Fcp.  6s. 


Criticism,  Philo 
On  Representative  Government. 

By  John  Stuart  Mill.   Third  Edition. 
3to.  9s.  cro-\vn  8vo.  2s. 
On  Liberty.    By  the  same  Author.  Fourth 
Edition.     Post  8vo.  7s.  Qd.    Crown  8vo. 
Is.  4d. 

Principles  of  Political  Economy.  By  the 

same.   Eighth  Edition.  2  vols.  8vo.  30s.  or 

in  1  vol.  crown  8vo.  5s. 
Utilitarianism.  Bythosame.  4th Edit. 8vo. 6s. 
Dissertations  and  Discussions.  By  the 

same  Author.  Second  Edition.  3  vols.  8vo. 

price  36s. 

Examination   of  Sir  W.  Hamilton's 

Philosophy,  and  of  the  principal  Philoso- 
phical Questions  discussed  in  his  Writings. 
By  the  same.   Third  Edition.   8vo.  16s. 

The  Subjection  of  Women.  By 

John  Stuart  Mill.  New  Edition.  Post 
8vo  6s, 


vhy.  Polity,  ^'C. 

Inaugural  Address  delivered  to  the 

University  of  St  Andrews.  By  John 
Stuakt  Mill.  8vo.  5s.   Crown  8vo.  Is. 

Analysis  of  the  Phenomena  of 

the  Human  Mind.  By  James  Mill.  A 
New  Edition,  with  Notes,  Illustrative  and 
Critical,  by  Alex.vndek  Bain,  Andrew 
Fotdlater,  and  George  Grotk.  Edited, 
with  additional  Notes,  by  John  Stuart 
Mill.   2  vols.  8vo.  price  28s. 

The  Elements  of  Political  Eco- 
nomy. By  Henry  Dunning  Macleod, 
M.A.  Barrister-at-Law.   8vo.  16s. 

A  Dictionary  of  Political  Eeonomy; 
Biographical,  Bibliographical,  Historical, 
and  Practical.  By  the  same  Author.  Vol. 
I.  royal  8vo.  80». 
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Hiord  Bacon's  Works,  collected 

and  edited  bv  R.  L.  Ellis,  M.A.  J.  Sped- 
DiNG,  M.A.'  and  D.  D.  Heath.  New 
and  Cheaper  Edition.  7  vols.  8vo.  price 
£3  13s.  6rf. 

I A  System  of  Logic,  Katiocinative 

and  Inductive.  By  Joiix  Stuart  Mill. 
Seventh  Edition.    2  vols.  8vo.  25s. 

i  Analysis  of  Mr.  Mill's  System  of 

Logic.  By  W.  Stebblsg,  M.A.  New 
Etlition.    12mo.  3s.  6c?. 

'  The  Institutes  of  Justinian ;  with 

English  Introduction,  Translation,  and 
Notes.  By  T.  C.  S^njsdars,  M.A.  Barrister- 
at-Law.   New  Edition.   8vo.  15s. 

The  Ethics  of  Aristotle ;  with  Essays 
and  Notes.  By  Sir  A.  Grant,  Bart.  M.A. 
LL.D.  Second  Edition,  revised  and  com- 
pleted.   2  vols.  8vo.  price  28s. 

The  Nicomachean  Ethics  of  Aris- 
totle. Newly  translated  into  English.  By 
R.  Williams,  B.A.  Fellow  and  late  Lec- 
turer Merton  College,  Oxford.  8vo.  12s. 

Bacon's  Essays,  with  Annotations. 

By  R.  Whately,  D.D.  late  Archbishop  of 
Dublin.    Sixth  Edition.    8vo.  10s.  6d. 

Elements  of  Logic.  By  E.  Whately, 
D.D.  late  Archbishop  of  Dublin.  New 
Edition.   8vo.  10s.  6d.  crown  8vo.  4s.  6d. 

Elements  of  Rhetoric.  By  the  same 
Author.  New  Edition.  8vo.  10s.  6d.  Crown 
8vo.  is.  6cZ. 

English  Synonymes.  ByE.  JaneWhately. 
Edited  by  Archbishop  Whately.  5th 
Edition.   Fcp.  3s. 

An  Outline  of  the  Necessary 

Laws  of  Thought :  a  Treatise  on  Pure  and 
Applied  Logic.  By  the  Most  Rev.  W. 
Thomson,  D.D.  Archbishop  of  York.  Ninth 
Thousand.    Crown  8vo.  5s.  6d. 

The  Election  of  Representatives, 

Parliamentary  and  Municipal;  a  Treatise. 
By  Thomas  HARE,Barrister-at-Law.  Third 
Edition,  with  Additions.    Crown  8vo.  6s. 

Speeches  of  the  Right  Hon.  Lord 

Macaulay,  corrected  by  Himself.  People's 
Edition,  crown  8vo.  3s.  Gd. 

Lord  Macaulay's  Speeches  on 

Parliamentary  Reform  in  1831  and  1832. 
16mo.  price  One  Shilling. 

Walker's  Pronouncing  Diction- 
ary of  the  Englissh  Language.  Thoroughly 
revised  Editions,  by  B.  H.  Smart.  8vo. 
12s.  16mo.  6*. 


A   Dictionary   of    the  English 

Language.  By  R.  G.  Latham,  M.A.  M.D. 
F.R.S.  Founded  on  the  Dictionary  of  Dr.  S. 
Johnson,  as  edited  by  the  Rev.  H.  J.  Toud, 
with  numerous  Emendations  and  Additions. 
4  vols.  4to.  price  £7. 

Thesaurus  of  English  Words  and 

Phrases,  classified  and  arranged  so  as  to 
facilitate  the  expression  of  Ideas,  and  assist 
in  Literary  Composition.  By  P.  M.  Roget, 
M.D.   New  Edition.   Crown  8vo.  10s.  Gd. 

The  Debater  ;  a  Series  of  Complete 
Debates,  Outlinesof  Debates,  and  Questions 
for  Discussion.    By  F.  Rowton.   Fcp.  6s. 

Lectures  on  the  Science  of  Lan- 
guage. By  F.  M^vx  MuLLER,  M.A.  &c. 
Foreign  Member  of  the  French  Institute. 
Sixth  Edition.  2  vols,  crown  8vo  price  IGs, 

Chapters  on  Language.  By  P.  W. 

Farrar,  M.A.  F.R.S.  Head  Master  of 
Mai-lborough  College.    Crown  8vo.  8s.  6d. 

Southey's  Doctor,  complete  in  One 
Volume,  edited  by  the  Rev.  J.  W.  Wartek, 
B.D.    Square  croAvn  8vo.  12s.  Qd. 

Historical  and  Critical  Commen- 
tary on  the  Old  Testament;  with  a  New 
Translation.  By  M.  M.  Kalisch,  Ph.D. 
Vol.  I.  Genesis,  8vo.  18s.  or  adapted  for  the 
General  Reader,  12s.  Vol.  II.  Exodus,  lbs. 
or  adapted  for  the  General  Reader,  12s. 
Vol  III.  Leviticus,  Part  I.  15s.  or  adapted 
for  the  General  Reader,  8s. 

A  Hebrew  Grammar,  with  Exercises. 

By  the  same.  Part  I.  Outlines  with  Exer- 
cises, 8vo.  12s.  6d.  Key,  5s.  Part  II.  Ex- 
ceptional Forms  and  Constructions,  12s.  Gd. 

Manual  of  English  Literature, 

Historical  and  Critical :  with  a  Chapter  on 
English  Metres.  By  Thomas  Arnold,  M.A. 
Second  Edition.   Crown  8vo.  7s.  Gd. 

A  Latin-English  Dictionary.  By 

John  T.  White,  D.D.  Oxon.  and  J.  E. 
Riddle,  M.A.  Oxon.  Third  Edition,  re- 
vised.   2  vols.  4to.  pp.  2,128,  price  42s. 

White's  College  Latin-English  Diction- 
ary (Intermediate  Size),  abridged  from  the 
Parent  Work  for  the  use  of  University 
Students.  Medium  8vo.  pp.  1,048,  price  18* 

White's  Junior  Student's  Complete 
Latin-English  and  English-Latin  Dictionary. 
Revised  Edition.  Square  12mo.  pp.  1,058, 
price  12s. 

Sp  /English-Latin,  5s.  6<i. 

P        ^  \  Latin-English,  7s.  Gd. 
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An  English- Greek  Lexicon,  con- 
taining all  the  Greek  Words  used  by  Writers 
of  good  authority.  By  C.  D.  Yoxge,  B.A. 
New  Edition.    4to.  21s. 

Mr.  Yonge's  New  Lexicon,  En- 
glish and  Greek,  abridged  from  his  larger 
work  (as  above).    Square  12mo.  8s.  6d. 

The  Mastery  of  Languages;  or, 

the  Art  of  Speaking  Foreign  Tongues 
Idiomatically.  By  Thomas  Prexdergast, 
late  of  the  Civil  Service  at  Madras.  Second 
Edition.    8vo.  6s. 

A  Greek-English  Lexicon.  Com- 
piled by  H.  G.  LiDDELL,  D.D.  Dean  of 
Christ  Church,  and  R.  Scott,  D.D.  Dean 
of  Rochester.  Sixth  Edition.  Crown  4to. 
price  36s. 

A  Lexicon,  Greek  and  English, 

abridged  for  Schools  from  Liddell  and 
Scott's  Greek-English  Lexicon.  Twelfth 
Edition.    Square  12mo.  7s.  6rl. 


A  Practical  Dictionary  of  the 

French  and  English  Languages.  By  Pro- 
fessor Leon  Contanseau,  many  years 
French  Examiner  for  Military  and  Civil 
Appointments,  &c.  New  Edition,  carefully 
revised.   Post  Svo.  10«.  6d. 

Contanseau's  Pocket  Dictionary, 

French  and  English,  abridged  from  the 
Practical  Dictionary,  by  the  Author.  New 
Edition.  ISmo.  price  3s.  6d. 

A  Sanskrit-English  Dictionary. 

The  Sanskrit  words  printed  both  in  the 
original  Devanagari  and  in  Roman  letters ; 
with  References  to  the  Best  Editions  of 
Sanskrit  Authors,  and  with  Etymologies 
and  comparisons  of  Cognate  Words  chiefly 
in  Greek,  Latin,  Gothic,  and  Anglo-Saxon. 
Compiled  by  T.  Benfey.   Svo.  52«.  6d. 

New  Practical  Dictionary  of  the 

Geman  Language;  German-English,  and 
English-German.  By  the  Rev.  W.  L. 
Blackxet,  M.A.  and  Dr.  Carl  Martin 
Friedlander.    Post  Svo.  7s.  6d. 


Miscellaneous  Works  and  Popular  Metaphysics. 


"The  Essays  and  Contributions  of 

A.  K.  H.  B.    Uniform  Editions  :— 

Recreations    of   a   Country  Parson. 

First  and  Second  Series,  3s.  6d.  each. 

Th.e    Commonplace    Philosopher  in 

Town  and  Country.  Cro^vn  Svo.  3s.  6d. 

Leisure  Hours  in  Town ;  Essays  Consola- 
tory,jEsthetical,  Moral,  Social,  and  Domestic. 
Crown  Svo.  3s.  6d. 

The  Autiimn  Holidays  of  a  Coxintry 
Parson.    Crown  Svo.  3s.  6d. 

"The  Graver  Thoughts  of  a  Country 

Parson.  First  and  Second  Series,  cro'wn 
Svo.  3s.  6d.  each. 

"Critical  Essays  of  a  Country  Parson, 

selected  from  Essays  contributed  to  Eraser's 
Magazine.  Crown  Svo.  3s.  6c?. 

Sunday  Afternoons    at    the  Parish 

Church  of   a  Scottish   University  City. 
Crown  Svo.  3s.  6d. 
Lessons  of    Middle    Age,  with  some 
Account  of    various    Cities   and  Men. 
Crown  Svo.  8s.  6d. 

Counsel  and  Comfort  Spoken  from  a 
City  Pulpit.    Crown  Svo.  3s.  6d. 

Changed  Aspects  of  Unchanged 
Truths ;  Memorials  of  St.  Andrews  Sundays. 
Crown  Svo.  3s.  6rf. 

Present-Day  Thoughts;  Memorials  of 
St.  Andrews  Sundays.   Crown  Svo.  3s.  Gd. 


Short  Studies  on  Great  Subjects. 

Bv  Jasces  Anthony  Froude,  M.A.  late 
Fellow  of  Exeter  CoUege,  Oxford.  Third 
Edition.  Svo.  12s.  Second  Series,  Svo.  12s. 

Lord  Macaulay's  Miscellaneous 

Writings : — 

Library  Edition,  2  vols.  Svo.  Portrait,  21s. 
People's  Edition,  1  vol.  crown  Svo.  4s.  6d. 

Lord  Macaulay's  Miscellaneous 

Writuigs  and  Speeches.  Student's  Edition, 
in  One  Volume,  crown  Svo.  price  6s. 

The  Rev.  Sydney  Smith's  Mis- 
cellaneous Work?,  including  Peter  Plymley's 
Letters,  Articles  contributed  to  the  Edin- 
burgh Review,  Letters  to  Archdciicon  Single- 
ton, and  other  Miscellaneous  Writinfrs.  1 
vol.  crown  Svo.  6s. 

The  "Wit  and  "Wisdom  of  the  Rev. 

Sydney  Smith  ;  a  Selection  of  the  most 
memorable  Passages  in  his  Writings  and 
Conversation.   Crown  Svo.  3s.  6d. 

The  Eclipse  of  Faith ;  or,  a  Visit  to  a 
Religious  Sceptic.  By  Henry  Rogers. 
Twelfth  Edition.   Fcp.'Svo.  5s. 

Defence  of  the  Eclipse  of  Faith,  b.v  its 
Author.    Third  Etlition.    Fop.  8vo.  3s.  Gd. 

Selections  from  the  Correspondence 

of  R.  E.  n.  Greyson.  By  the  same  Author. 
Third  Edition.   Crown  Svo.  7«.  Gd. 
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Families  of  Speech,  Fo\ir  licctures- 

delivered  at  the  Royal  Institution  of  Great 
Britain.  By  the  Rev.  F.  W.  Farrar, 
M.A.  F.R.S.'  Post  8vo.  with  2  Maps,  5s.  6d. 

Chips  from  a  German  Workshop  ; 

being  Essays  on  the  Science  of  Religion, 
and  on  My thologj'.  Traditions,  and  Customs. 
By  F.  Max  Muller,  M.A.  &c.  Foreign 
Member  of  the  French  Jnstitute.  3  vols. 
8to.  £2. 

An  Introduction  to  Mental  Phi- 
losophy, on  the  Inductive  Method.  By 
J.  D.  MoRELi.,  M.A.  LL.D.   8vo.  12s. 

Elements  of  Psychology,  containing  the 
Analysis  of  the  Intellectual  Powers.  By 
the  same  Author.   Post  8vo.  7s.  (id. 

The  Secret  of  Hegel:  being  the 

Hegelian  System  in  Origin,  Principle,  Form, 
and  Matter.  By  James  Hutchison  Stir- 
T.TNG.   2  vols.  8vo.  28s. 

Sir  "William  Hamilton ;  being  the  Philo- 
sophy of  Perception  :  an  Analysis.  By  the 
same  Author.   8vo.  5s. 

The  Senses  and  the  Intellect. 

By  Alexander  Bain,  LL.D.  Prof,  of  Logic 
in  the  Univ.  of  Aberdeen.  Third  Edition. 
8vo.  15s. 

Mental  and  Moral  Science :  a 

Compendium  of  Psychology  and  Ethics. 
By  Alexander  Bain,  LL.D.  Second 
Edition.   Crown  8vo.  10s.  6d. 


Ueberweg's   System  of  Logio,- 

and  History  of  Logical  Doctrines.  Trans- 
lated, with  Notes  and  Appendices,  by  T.  M. 
Lindsay,  M.A.  F.R.S.E.   8vo.  price  16«. 

The  Philosophy  of  Necessity;  or. 

Natural  Law  as  applicable  to  Mental,  Moral, 
and  Social  Science.  By  Charles  Bray. 
Second  Edition.    8vo.  9s. 

The  Education  of  the  Feelings  and 

Affections.   By  the  same  Auth«r.  Third 
Edition.   8vo.  3s.  6rf. 

On  Force,  its  Mental  and  Moral  Corre- 
lates.  By  the  same  Author.   8vo.  5s. 

Time  and  Space ;  a  Metaphysical 
Essay.  By  Si^adworth  H.  Hodgson. 
8vo.  price  16s. 

The  Theory  of  Practice ;  an  Ethical 

Inquiry.   By  Shadavorth  H.  Hodgson. 
2  vols.  8vo.  price  24s. 

A  Treatise  on  Human  Nature; 

being  an  Attempt  to  Introduce  the  Expe- 
rimental Method  of  Reasoning  into  Moral 
Subjects.  By  David  Hume.  Edited,  with 
Notes,  &c.  by  T.  H.  Green,  Fellow,  and 
T.  H.  Grose,  late  Scholar,  of  Balliol  Col 
lege,  Oxford.  [/w  the  press. 

Essays  Moral,  Political,  and  Li- 

terarj'.   By  David  Hume.   By  the  same 
Editors.  [Jw  the  press. 

The  above  will  form  a  new  edition  of 
David  Hume's  Philosophical  Works,  com- 
plete in  Four  Volumes,  but  to  be  had  in  Two 
separate  Sections  as  announced. 


Astronomy,  Meteorology,  Popular  Geography,  <Sfc. 


Outlines  of  Astronomy.    By  Sir 

J.  F.  W.  Herschel,  Bart.  M.A.  Eleventh 
Edition,  with  Plates  and  Woodcuts.  Square 
crown  8vo.  12s. 

Other  Worlds  than  Ours ;  the 

Plurality  of  Worlds  Studied  under  the 
Light  of  Recent  Scientific  Researches.  By 
R.  A.  Proctor,  B.A.  F.R.A.S.  Second 
Edition,  revised  and  enlarged;  with  14 
Illustrations.   Crown  8vo.  10s.  M. 

The  Sun ;  Ruler,  Light,  Fire,  and 

Life  of  the  Planetary  System.  By  Richard 
A.  Proctor,  B.A.  F.R.A.S.  With  10  Plates 
(7  coloured)  and  107  Woodcuts.  Crown 
8vo.  price  14s. 

Satiirn  and  its  System.    By  the  same 
Author.    8vo.  with  14  Plates,  14s. 


Celestial  Objects  for  Common 

Telescopes.  By  T.  AV.  Webb,  M.A.  F.R.A.S. 
Second  Edition,  revised  and  enlarged,  with 
Map  of  the  Moon  and  Woodcuts.  16mo. 
price  7s.  6c?. 

Navigation  and  Nautical  As- 
tronomy (Practical,  Theoretical,  Scientific) 
for  the  use  of  Students  and  Practical  Men. 
By  J.  Merrifield,  F.R.A.S.  and  H. 
EvERS.   8vo.  14s. 

The    Canadian    Dominion.  By 

Charles  Marshall.  With  6  Illustrations 
on  Wood.    8vo.  price  12s.  M. 

A  General  Dictionary  of  Geo- 

graphj'.  Descriptive,  Physical,  Statistical, 
and  Historical  ;  forming  a  complete 
Gazetteer  of  the  World.  By  A.  Keith 
Johnston,  F.R.S.E.  New  Edition.  8vo. 
price  31s.  M. 
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A  Manual  of  Geography,  Physical, 

Industrial,  and  Political.  By  W.  Hughes, 
F.R.G.S.  Prof,  of  Geog.  in  King's  CoU.  and  in 
Queen's  Coll.  Lond.  With  6  Maps.  Fcp.  7s.  6d. 

Maunder's  Treasury  of  Geogra- 
phy, Physical,  Historical,  Descriptive,  and 
PoUtical.  Edited  by  W.  Hughes,  F.R.G.S. 
With  7  Maps  and  16  Plates.   Fcp.  6s. 


The  Public   Schools    Atlas  of 

Modern  Geography.  In  Thirty-one  Maps, 
exhibiting  clearly  the  more  important 
Physical  Features  of  tlie  Countries  deli- 
neated, and  Noting  all  the  Chief  Places  of 
Historical,  Commercial,  and  Social  Interest. 
Edited,  -with  an  Introduction,  by  the  Rev. 
G.  Butler,  M.A.  Imperial  quarto,  price 
3s.  6tZ.  sewed ;  os.  cloth.       [Nearly  readi/. 


Natural  History  and  Popular  Science. 


Ganot's  Elementary  Treatise  on 

Physics,  Experimental  and  Applied,  for  the 
use  of  Colleges  and  Schools.  Translated  and 
Edited  with  the  Author's  sanction  by 
E.  Atkinson,  Ph.D.  F.C.S.  New  Edition, 
revised  and  enlarged  ;  with  a  Coloured  Plate 
and  620  Woodcuts.   Post  8vo.  15s. 

The  Elements    of    Physics  or 

Natural  Philosophy.  By  Neil  Arnott, 
M.D.  F.R.S.  Physician-Extraordinary  to 
the  Queen.  Sixth  Edition,  re-written  and 
completed.    2  Parts,  8vo.  21s. 

Dove's  Law  of  Storms,  considered  in 
connexion  with  the  ordinary  Movements  of 
the  Atmosphere.  Translated  by  R.  H. 
Scott,  M.A.  T.C.D.   8vo.  10s.  6d. 

Sound :  a  Course  of  Eight  Lectures  de- 
livered at  the  Royal  Institution  of  Great 
Britain.  By  Professor  John  Tyndall, 
LL.D.  F.R.S.  New  Edition,  with  Portrait 
and  Woodcuts.   Crown  8vo.  9s. 

Heat  a  Mode  of  Motion.  By  Pro- 
fessor John  Tyndall,  LL.D.  F.R.S.  Fourth 
Edition.  Crown  8vo.  with  Woodcuts, 
price  10s.  6d. 

Researches    on  Diamagnetism 

and  Magne-Crystallic  Action ;  including 
the  Question  of  Diamagnetic  Polarity.  By 
Professor  Tyndall.  With  6  Plates  and 
many  Woodcuts.   8vo.  14s. 

Notes  of  a  Course  of  Nine  Lec- 
tures on  Light,  deUvered  at  the  Royal 
Institution,  a.d.  1869.  By  Professor  Tyn- 
dall. Crown  8vo.  Is.  sewed,  or  Is.  6d. 
cloth. 

Notes  of  a  Course  of  Seven  Lec- 
tures on  Electrical  Phenomena  and  Theories, 
delivered  at  the  Royal  Institution,  a.d.  1870. 
By  Professor  Tyndall.  Crown  8vo.  Is. 
sewed,  or  Is.  Gd,  cloth. 

A  Treatise  on  Electricity,  in 

Theory  and  Practice.  By  A.  De  La  Rive, 
Prof,  in  the  Academy  of  Geneva.  Trans- 
lated by  C.  V.  Walker,  F.R.S.  3  vols. 
8vo.  with  Woodcuts,  £3  13s. 


Fragments  of  Science  for  Un- 
scientific People ;  a  Series  of  detached 
Essays,  Lectures,  and  Reviews.  By  John 
Tyndall,  LL.D.  F.R.S.  Second  Edition. 
8vo.  price  14s. 

Light  Science  for  Leisure  Hours; 

a  Series  of  Familiar  Essays  on  Scientific 
Subjects,  Natural  Phenomena,  &c.  By 
R.  A.  Proctor,  B.A.  F.R.A.S.  Crown  8vo. 
price  7s.  6d. 

Light :  its  Influence  on  liife  and  Health. 
By  Forbes  Winslow.  M.D.  D.C.L.  Oxon. 
(Hon.)    Fcp.  8vo.  6s. 

The    Correlation    of  Physical 

Forces.  By  W.  R.  Grove,  Q.C.  Y.P.R.S. 
Fifth  Edition,  revised,  and  Augmented  by  a 
Discourse  on  Continuity.  8vo.  10s.  Qd. 
The  Discourse,  separately,  price  2s.  6d. 

The  Beginning :  its  When  and  its 
How.  By  MuNGO  Poxtox,  F.R.S.E.  Post 
8vo.  with  very  numerous  Illustrations,  18s. 

Manual  of  Geology.  ByS.  Haughton, 
M.D.  F.R.S.  FeUow  of  Trin.  Coll.  and  Prof, 
of  Geol.  in  the  Univ.  of  Dublin.  Second 
Edition,  -with  66  Woodcuts.   Fcp.  7s.  6d. 

Van  Der  Hoeven's  Handbook  of 

Zoology.  Translated  from  the  Second 
Dutch  Edition  by  the  Rev.  W.  Clark, 
M.D.  F.R.S.  2  vols.  8vo.  with  24  Plates  of 
Figures,  60s. 

Professor  Owen's  Lectures  on 

the  Comparative  Anatomy  and  Physiology 
of  the  Invertebrate  Animals.  Second 
Edition,  with  235  Woodcuts.    8vo.  21s. 

The  Comparative  Anatomy  and 

Phvsiology  of  the  Vertebrate  Animals.  By 
Richard'  Owen,  F.R.S.  D.C.L.  With 
1,472  Woodcuts.   3  vols.  8vo.  £3  13s.  Gd. 

Insects  at  Home.  By  the  Rev.  J.  G. 

Wood,  M.A.,  F.L.S.  With  a  Frontispiece 
in  Colours,  21  full-page  Illustrations  and 
about  700  smaller  Illustrations  from  original 
designs  engraved  on  Wood  by  G.  Pearson. 
8vo.  price  21s. 
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Homes  without  Hands  :  a  Descrip- 
tion of  the  Habitations  of  Animals,  classed 
according  to  their  Principle  of  Construction. 
By  Rev.  J.  G.  Wood,  M.A.  F.L.S.  With 
about  140  Vignettes  on  Wood.   8vo.  21s. 

Strange  Dwellings;  being  a  De- 
scription of  the  Habitations  of  Animals, 
abridged  from  'Homes  without  Hands.' 
By  J.  G.  Wood,  M.A.  F.L.S.  With  a  New 
Frontispiece  and  about  60  other  Woodcut 
Illustrations.    Crown  8vo.  price  7s,  6d. 

The  Harmonies  of  Nature  and 

Unity  of  Creation.  By  Dr.  G.  Hartwig. 
8vo.  with  numerous  Illustrations,  18s. 

Th.e  Sea  and  its  Living  Wonders,  By 
the  same  Author.  Third  Edition,  enlarged. 
8vo.  with  many  Illustrations,  21s. 

Tlie  Tropical  World.  By  the  same  Author. 
With  8  Chromoxylographs  and  172  Wood- 
cuts.  8vo.  21s. 

The  Subterranean  World.  By  the  same 
Author.  With  3  Maps  and  about  80  Wood- 
cut Illustrations,  including  8  full  size  of 
page.   8vo.  price  21s. 

The  Polar  World :  a  Popular  Description  of 
Man  and  Nature  in  the  Arctic  and  Antarctic 
Regions  of  the  Globe.  By  the  same  Author. 
With  8  Chromoxylographs,  3  Maps,  and  85 
Woodcuts.    8vo.  21s. 

The  Origin  of  Civilisation  and 

the  Primitive  Condition  of  Man  ;  Mental 
and  Social  Condition  of  Savages.  By  Sir 
John  Lubbock,  Bart.  M.P.  F.R.S.  Second 
Edition,  revised,  '\vith  25  Woodcuts.  8vo. 
price  16s. 

The    Primitive   Inhabitants  of 

Scandinavia.  Containing  a  Description  of 
the  Implements,  Dwellings,  Tombs,  and 
Mode  of  Living  of  the  Savages  in  the  North 
of  Europe  during  the  Stone  Age.  By  Sven 
NiLSSOX.   8vo.  Plates  and  Woodcuts,  18s. 


Bible  Animals  ;  being  a  Description  of 
Every  Living  Creature  mentioned  in  the 
Scriptures,  from  the  Ape  to  the  Coral,  By 
the  Rev.  J.  G.  Wood,  M.A.  F.L.S.  With 
about  100  Vignettes  on  Wood.    8vo.  21s. 

A  Familiar  History  of  Birds. 

By  E.  Stanley,  D.D.  late  Lord  Bishop  of 
Norwich.    Fcp.  with  Woodcuts,  3s.  Gd. 

Kirby  and  Spence's  Introduction 

to  Entomology,  or  Elements  of  the  Natural 
History  of  Insects.    Crown  8vo.  5s. 

Maunder's  Treasury  of  Natural 

History,  or  Popular  Dictionary  of  Zoology, 
Revised  and  corrected  by  T.  S.  Cobbold, 
M.D.   Fcp.  with  900  Woodcuts,  6s. 

The   Elements  of  Botany  foi 

FamUies  and  Schools.  Tenth  Edition,  re- 
vised by  TnoLis  Moore,  F.L.S,  Fcp 
with  154  Woodcuts,  2s.  6d. 

The  Treasury  of  Botany,  or 

Popular  Dictionary  of  the  Vegetable  King- 
dom ;  with  which  is  incorporated  a  Glos- 
sary of  Botanical  Terms.  Edited  by 
J.  LiNDLEY,  F.R.S.  and  T.  Moore,  F.L.S. 
Pp.  1,274,  with  274  Woodcuts  and  20  Steel 
Plates.   Two  Parts,  fcp.  8vo.  12s. 

The  Rose  Amateur's  Guide.  By 

Thomas  Rivers.   New  Edition.   Fcp.  4s. 

Loudon's  Encyclopaedia  of  Plants ; 

comprising  the  Specific  Character,  Descrip- 
tion, Culture,  History,  &c.  of  all  the  Plants 
found  in  Great  Britain.  With  upwards  of 
12,000  Woodcuts.    8vo.  42s. 

Maunder's  Scientific  and  Lite- 
rary Treasm-y ;  a  Popular  Encyclopaedia  of 
Science,  Literature,  and  Art.  New  Edition, 
in  part  rewritten,  with  above  1,000  new 
articles,  by  J.  Y.  Johnson.   Fcp.  6s. 

A  Dictionary  of  Science,  Litera- 
ture, and  Art.  Fourth  Edition,  re-edited 
by  the  late  W.  T.  Brande  (the  Author) 
and  George  W.  Cox,  M.A,  3  vols,  medium 
8vo.  price  60s.  cloth. 


Chemistry,  Medicine,  Surg^ 
A  Dictionary  of  Chemistry  and 

the  Allied  Branches  of  other  Sciences.  By 
Henry  Watts,  F.C.S.  assisted  by  eminent 
Scientific  and  Practical  Chemists.  5  vols, 
medium  8vo.  price  £7  3s. 

Elements  of  Chemistry,  Theore- 
tical and  Practical.  By  William  A. 
Miller,  M.D.  LL.D.  Professor  of  Chemis- 
try, King's  College,  London.  Fourth  Edi- 
tion.  3  vols.  8vo.  £3. 

Part  I.  Chemical  Physics,  15s. 

Part  II.  Inorganic  Chemistry,  21«. 

Part  III,  Organic  Chemistry,  24s. 


!/,  and  the  Allied  Sciences. 

A  Manual  of  Chemistry,  De- 
scriptive and  Theoretical.  By  William 
Odling,  M.B.  F.R.S.  Part  I.  8vo.  9*- 
Part  II.  nearly  ready. 

A  Course  of  Practical  Chemistry, 

for  the  use  of  Medical  Students.  B^- 
W.  Odling,  M.B.  F.R.S.  New  Edition,  with 
70  new  Woodcuts.    Crown  8vo.  7s.  6c/. 

Select    Methods    in  Chemical 

Analysis,  chiefly  Inorganic.  By  William 
Crooices,  F.R.S.  With  22  Woodcuts. 
Crown  8vo.  price  12s.  6c/. 
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Outlines  of  Chemistry;  or,  Brief 

Notes  of  Chemical  Facts.  By  the  same 
Author.    Crown  8vo.  7s.  6d. 

Lectures  on  Animal  Ciiemistry  Delivered 
at  the  Roj'al  College  of  Physicians  in  1865. 
By  the  same  Author.    Crown  8vo.  4s.  6d. 

Lectures  on  the  Chemical  Changes  of 
Carbon,  delivered  at  the  Royal  Institution 
of  Great  Britain.  By  the  same  Author. 
Cro^ra  8vo.  4s.  M. 

Chemical  Wotes  for  the  Lecture 

Room.  By  Thomas  Wood,  F.C.S.  2  vols, 
crown  8vo.  I.  on  Heat,  &c.  price  3s.  6d. 
TI.  on  the  Metals,  price  5s. 

A  Treatise  on  Medical  Elec- 
tricity, Theoretical  and  Practical ;  and  its 
Use  in  the  Treatment  of  Paralj'sis,  Neu- 
ralgia, and  other  Diseases.  By  Julius 
Althaus,  M.D.  &c.  Second  Edition,  with 
Plate  and  62  Woodcuts.  Post  8vo.  price  15s. 

The  Diagnosis,  Pathology,  and 

Treatment  of  Diseases  of  Women ;  including 
the  Diagnosis  of  Pregnancy.  By  Geaily 
Hewitt,  M.D.  &c.  President  of  the  Obste- 
trical Society  of  London.  Second  Edition, 
enlarged;  with  116  Woodcuts.   8vo.  24s. 

Lectures  on  the  Diseases  of  In- 
fancy and  Childhood.  By  Charles  West, 
M.D.  &c.    Fifth  Edition.    8vo.  16s. 

On  Some  Disorders  of  the  Ner- 
vous System  in  Childhood.  Being  the 
Lumleian  Lectures  delivered  before  the 
Royal  College  of  Physicians  in  March  1871. 
By  Charles  West,  M.D.    Crown  8vo.  5s. 

On  the  Surgical  Treatment  of 

Children's  Diseases.  By  T.  Holjies,  M.A. 
&c.  late  Surgeon  to  the  Hospital  for  Sick 
Children.  Second  Edition,  with  9  Plates 
and  112  Woodcuts.    8vo.  21s. 

-A  System  of  Surgery,  Theoretical 

and  Practical,  in  Treatises  by  Various 
Authors.  Edited  by  T.  Holmes,  M.A.  &c. 
Surgeon  and  Lecturer  on  Siu-gery  at  St. 
•George's  Hospital,  and  Surgeon-in-Chief  to 
the  Metropolitan  Police.  Second  Edition, 
thoroughly  revised,  with  numerous  Illus- 
trations.  5  vols.  8vo.  £5  5s. 

Xectures  on  the  Principles  and 

Practice  of  Physic.  By  Sir  Thojias  Wat- 
soy,  Bart.  M.D.  Physician-in-Ordinary  to 
the  Queen.  Fifth  Edition,  thoroughly  re- 
vised.   2  vols.  8vo.  price  3Gs. 

Lectures  on  Surgical  Pathology. 

By  Sir  James  Paget,  Bart.  F.R.S.  Third 
Edition,  revised  and  re-edited  by  the  Author 
and  Professor  W.  Turner,  M.B.  8vo.  with 
131  Woodcuts,  2  Is. 


Cooper's  Dictionary  of  Practical 

Surgerj'  and  Encj^clopasdia  of  Surgical 
Science.  New  Edition,  brought  down  to 
the  present  time.  By  S.  A.  Lajn'e,  Surgeon  to 
St.  Mary's  Hospital,  die.  assisted  by  various 
Eminent  Surgeons.  Vol.  II.  8vo.  couj- 
pleting  the  work.  \^In  the  press. 

On  Chronic  Bronchitis,  especially 

as  connected  with  Gout,  Emphysema,  and 
Diseases  of  the  Heart.  By  E.  Headlam 
Greenhow,  M.D.  F.R.C.P'  &c.  8vo.  7s.  Cd. 

The  Climate  of  the  South  of 

France  as  Suited  to  Invalids  ;  with  Notices 
of  Mediterranean  and  other  Winter  Sta- 
tions. By  C.  T.  Williams,  M.A.  M.D. 
Oxon.  Physician  to  the  Hospital  for  Con- 
sumption at  Brompton.  Second  Edition. 
Crown  8vo._  6s. 

Pulmonary    Consumption ;  its 

Nature,  Varieties,  and  Treatment :  with  an 
Analysis  of  One  Thousand  Cases  to  exem- 
plify its  Duration.  Bv  C.  J.  B.  Willlvms, 
M.D.  F.R.S.  and  C.  T.  Willia^is,  M.A. 
M.D.  Oxon.  Physicians  to  the  Hospital  for 
Consumption  at  Brompton.  Post  8vo. 
price  10s.  6c?. 

Clinical  Lectures  on  Diseases  of 

the  Liver,  Jaundice,  and  Abdominal  Dropsy. 
By  C.  MuRCHisoN,  M.D.  Physician  and 
Lecturer  on  the  Practice  of  Medicine, 
Middlesex  Hospital.  Post  8vo.  with  25 
Woodcuts,  10s.  6rf. 

Anatomy,  Descriptive  and  Sur- 
gical. By  Hexry  Gray,  F.R.S.  With 
about  410  Woodcuts  from  Dissections.  Fifth 
Edition,  by  T.  Holmes,  M.A.  Cantab.  With 
a  New  Introduction  by  the  Editor.  Royal 
8vo.  28s. 

Clinical  Notes  on  Diseases  of 

the  LarA-nx,  investigated  and  treated  with 
the  assistance  of  the  Laryngoscope.  By 
W.  Marcet,  M.D.  F.R.S.  Crown  8vo. 
•with  5  Lithographs,  6s. 

The  House  I  Live  in ;  or,  Popular 

Illustrations  of  the  Structure  and  Functions 
of  the  Human  Body.  Edited  by  T.  G.  G  irtin. 
New  Edition,  with  25  Woodcuts.  16mo. 
price  2s.  &d. 

Physiological  Anatomy  and  Phy- 

siologv  of  Man.  Bv  the  late  R.  B.  Torn, 
M.D.  'f.R.S.  and  W.  Bowmax,  F.R.S.  of 
King's  College.  With  numerous  Illustra- 
tions.  Vol.  II.  8vo.  25s. 

Vol.  I.  New  Edition  by  Dr.  Lionel  S. 
Beale,  F.R.S.  in  course  of  publication, 
with  numerous  Illustrations.  Parts  I. 
and  II.  price  7s.  6d.  each. 
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Outlines   of  Physiology,  Human 

and  Comparative.  By  John  ^Marshall, 
F.R.C.S.  Professor  of  Surgery  in  University 
College,  London,  and  Surgeon  to  the  Uni- 
versity College  Hospital.  2  vols.  cro-\vn  8vo. 
with  122  Woodcuts,  32s. 

Copland's  Dictionary  of  Practical 

Medicine,  abridged  from  the  larger  work, 
and  throughout  brought  down  to  the  pre- 
sent state  of  Medical  Science.   8vo.  36s. 


A  Manual  of  Materia  Medica 

and  Therapeutics,  abridged  from  Dr. 
Pereira's  Elements  by  F.  J.  Farre,  M.D. 
assisted  by  R.  Bentley,  M.R.C.S.  and  by 
R.  Warington,  F.R.S.  1  vol.  8vo.  with 
90  Woodcuts,  21s. 

Thomson's  Conspectus  of  the 

British  Pharmacopccia.  Twenty-fifth  Edi- 
tion, corrected  by  E.  Llotd  Birkett,  M.D. 
ISmo.  6s. 


The  Fine  Arts,  and 

In.  Fairyland  ;  Pictures  from  the  Elf- 
World.  By  Richard  Doyle.  With  a 
Poem  by  W.  Allingham.  With  Sixteen 
Plates,  containing  Thirty-six  Designs 
printed  in  Colours.    Folio,  81s.  6d. 

Life    of    John    Gibson,  R.A. 

Sculptor.    Edited  by  Lady  Eastlake. 
Svo.  10s.  6f/. 

Ivlaterials  for  a  History  of  Oil 

Painting.  By  Sir  Charles  Locke  East- 
lake,  sometime  President  of  the  Royal 
Academy.    2  vols.  Svo.  30s. 

Albert    Durer,    his    Life  and 

Works  ;  including  Autobiographical  Papers 
and  Complete  Catalogues.  By  William 
B.  Scott.  With  Six  Etchings  by  the 
Author  and  other  Illustrations.   Svo.  16s. 

Half-Hour  Lectures  on  the  His- 
tory and  Practice  of  the  Fine  and  Orna- 
mental Arts.  By.  W.  B.  Scott.  Second 
Edition.  Crown  Svo.  with  50  Woodcut 
Illustrations,  8s.  6d. 

Italian  Sculptors :  being  a  History  of 
Sculpture  in  Northern,  Southern,  and  East- 
em  Italy.  By  C.  C.  Perkins.  With  30 
Etchings  and  13  Wood  Engravings.  Im- 
perial Svo.  42s. 

Tuscan  Sculptors,  their  Lives, 

Works,  and  Times.  By  the  same  Author. 
With  45  Etchings  and  28  Wood  Engrav- 
ings.   2  vols,  imperial  8vo.  63s. 

The  Chorale  Book  for  England: 

the  Hymns  Translated  by  Miss  C.  Wink- 
worth  ;  the  Tunes  arranged  by  Prof.  W. 
S.  Bennett  and  Otto  Goldschmidt. 
Fcp.  4to.  12».  6d. 

Six  Lectures  on  Harmony.  De- 
livered at  the  Royal  Institution  of  Great 
Britain,  By  G.  A.  Macfarren.  Svo.  10s.  6rf, 


Illustrated  Editions. 

The  New  Testament,  illustrated  witt 

Wood  Engra^dngs  after  the  Early  Masters 
chiefly  of  the  Italian  School.  Cro'\vTi  4to. 
63s.  cloth,  gilt  top  ;  or  £5  5s.  morocco. 

The  Life  of  Man  Symbolised  by 

the  Months  of  the  Year  in  their  Seasons 
and  Phases.  Text  selected  by  Richard 
PiGOT.  25  Illustrations  on  Wood  from 
Original  Designs  by  John  Leighton, 
F.S.A.   Quarto,  42s. 

Cats'  and  Parlie's  Moral  Em- 
blems ;  with  Aphorisms,  Adages,  and  Pro- 
verbs of  all  Nations  :  comprising  121  Illus- 
trations on  Wood  by  J.  Leighton,  F.S.A. 
with  an  appropriate  Text  by  R.  Pigot. 
Imperial  Svo.  31s.  6c?. 

Sacred  and  Legendary  Art.  By 

Mrs.  Jameson.  6  vols,  sqiiare  crown  Svo. 
price  £5  15s.  &d.  as  foUows : — 

Ijegends  of  tlie  Saints  and  Martyrs. 

Fifth  Edition,  with  19  Etchings  and  187 
Woodcuts.     2  vols,  price  31s.  Qd. 

Iiegends  of  tlie  Monastic  Orders.  Third 
Edition,  with  11  Etchings  and  88  Woodcuts. 
1  vol.  price  21s. 

Legends  of  the  Madonna.  Third  Edition, 
with  27  Etchings  and  165  Woodcuts.  1 
vol.  price  21s, 

The  History  of  Otir  Lord,  with  that  of  His 
Types  and  Precursors.  Completed  by  Lady 
Eastlake.  Revised  Edition,  with  13 
Etchings  and  281  Woodcuts.  2  vols, 
price  42s. 

Lyra  Germanica,  the  Christian  Year. 
Translated  by  Catherine  Winkworth; 
with  125  Illustrations  on  Wood  drawn  by 
J.  Leighton-,  F.S.A.   Quarto,  21s. 

Lyra  Germanica.  the  Christian  Life. 
Translated  by  Catherine  Winkworth  ; 
with  about  200  Woodcut  Illustrations  by 
J.  Leighton,  F.S.A.  and  other  Artists. 
Quarto,  21s. 
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The  Useful  Arts^ 

Gwilt's  Encyclopaedia  of  Archi- 
tecture, with  above  1,600  Woodcuts.  Fifth 
Edition,  with  Alterations  and  considerable 
Additions,  by  Wyatt  PArwoRTii.  8vo. 
price  52s.  6J. 

A  Manual  of  Architecture :  being 

a  Concise  History  and  Explanation  of  the 
principal  Styles  of  European  Architecture, 
Ancient,  Mediteval,  and  Renaissance  ;  ■with 
their  Chief  Variations  and  a  Glossary  of 
Technical  Terms.  By  Tho3LiVs  Mitchell. 
With  150  Woodcuts.   Crown  8vo.  10s.  6d. 

History  of  the  Gothic  Revival; 

an  Attempt  to  shew  how  far  the  taste  for 
Medifeval  Architecture  was  retained  in 
England  during  the  last  two  centuries,  and 
has  been  re-developed  in  the  present.  By 
Charles  L.  Eastlake,  Architect.  With 
many  Illustrations.  Imperial  8vo.  price 
31s.  6d. 

Hints  on  Household  Taste  in 

Furniture,  Upholstery,  and  other  Details. 
By  Charles  L.  Eastlake,  Architect. 
Second  Edition,  with  about  90  Illustrations. 
Square  crown  8vo.  18s. 

The  Engineer's  Handbook ;  ex- 
plaining the  principles  which  should  guide 
the  young  Engineer  in  the  Construction  of 
Machinerj'.  By  C.  S.  Lo'vnts'des.  Post  8vo.  5s. 

Lathes  and  Turning,  Simple,  Me- 
chanical, and  Ornamental.  By  W.  Henry 
NoRTHCOTT.  With  about  240  Illustrations 
on  Steel  and  Wood.   8vo.  18s. 

Principles  of  Mechanism,  designed 

for  the  use  of  Students  in  the  Universities, 
and  for  Engineering  Students  generally. 
By  R.  Willis,  M.A.  F.R.S.  <fec.  Jacksonian 
Professor  in  the  Univ.  of  Cambridge.  Second 
Edition  ;  with  374  Woodcuts.   8vo.  18s. 

Handbook  of  Practical  Tele- 
graphy. By  R.  S.  CuLLEY,  Memb.  Inst. 
C.E.  Engineer-in-Chief  of  Telegraphs  to 
the  Post-Office.  Fifth  Edition,  revised  and 
enlarged  ;  with  118  Woodcuts  and  9  Plates. 
8vo.  price  14s. 

Ure's  Dictionary  of  Arts,  Manu- 
factures, and  Mines.  Sixth  Edition,  re- 
written and  greatly  enlarged  by  Robert 
Hunt,  F.R.S.  assisted  by  numereus  Con- 
tributors. With  2,000  Woodcuts,  3  vols, 
medium  8vo.   £4  14s.  6cf. 


Manufactures^  Sfc. 

Treatise  on  Mills  and  Millwork. 

By  Sir  W.  Fairbairn,  Bart.  F.R.S.  New 
Edition,  with  18  Plates  and  322  Woodcuts. 
2  vols.  8vo.  32s. 

Useful  Information  for  Engineers.  By 
the  same  Author,  First,  Secoxu,  and 
Third  Series,  with  many  Plates  and 
Woodcuts.    3  vols,  cro^vn  8vo.  10s.  6d.  each. 

Tlie  Application  of  Cast  and  Wrought 
Iron  to  Building  Purposes.  By  the  same 
Author.  Fourth  Edition,  with  6  Plates  and 
118  Woodcuts.    8vo.  16s. 

Iron  Ship  Building,  its  History 

and  Progress,  as  comprised  in  a  Series  of 
Experimental  Researches.  By  Sir  W.  Falr- 
BAiRN,  Bart.  F.R.S.  With  4  Plates  and 
130  Woodcuts,  8vo.  18s. 

Encyclopaedia  of  Civil  Engineer- 
ing, Historical,  Theoretical,  and  Practical. 
By  E.  Cresy',  C.E.  With  above  3,000 
Woodcuts.   8vo.  42s. 

A  Treatise  on  the  Steam  Engine, 

in  its  various  Applications  to  Mines,  Mills. 
Steam  Navigation,  Railways,  and  Agri- 
culture. By  J.  BouRXE,  C.E.  New  Edition ; 
with  Portrait,  37  Plates,  and  546  Woodcuts. 
4to.  42s. 

Catechism  of  the  Steam  Engine, 

in  its  various  Applications  to  Mines,  ilills, 
Steam  Navigation,  Railways,  and  Agricul- 
ture. By  John  Bourne,  C.E.  New  Edi- 
tion, Avith  89  Woodcuts.    Fcp.  6s. 

Recent   Improvements   in  the 

Steam-Engine.  By  John  Bourne,  C.E. 
New  Edition,  including  many  New  Ex- 
ample?, with  124  Woodcuts.   Fcp.  8vo.  6s. 

Bourne's  Examples  of  Modern 

Steam,  Air,  and  Gas  Engines  of  the]  most 
Approved  Types,  as  employed  for  Pumping, 
for  Driving  Machinery,  for  Locomotion, 
and  for  Agriculture,  minutely  aud^  prac- 
tically described.  In  course  of  publication, 
to  be  completed  in  Twenty-four  Parts,  price 
2s.  6rf.  each,  forming  One  Volume,  with 
about  50  Plates  and  400  Woodcuts. 

A  Treatise  on  the  Screw  Pro- 
peller, Screw  Vessels,  and  Screw  Engines, 
as  adapted  for  purposes  of  Peace  and  War. 
By  John  Bourne,  C.E,  Third  Edition, 
with  54  Plates  and  287  Woodcuts.  Quarto, 
price  63s. 

Handbook  of  the  Steam  Engine. 

By  John  Bourne,  C.E.  forming  a  Key  to 
the  Author  s  Catechism  of  the  Steam  Engine. 
With  67  Woodcuts.    Fcp.  9s, 
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A    History    of  the  MacMne- 

Wronght  Hosiery  and  Lace  Manufactures. 
By  William  Felkin,  F.L.S.  F.S.S.  With 
several  Illustrations.    Eoyal  8vo.  21s. 

Mitchell's  Manual  of  Practical 

Assaying.  Third  Edition  for  the  most  part 
re-written,  with  all  the  recent  Discoveries 
incorporated.  By  W.  Crookes,  F.R.S. 
With  188  Woodcuts.    8vo.  28s. 

Reimann's  Handbook  of  Aniline 

and  its  Derivatives;  a  Treatise  on  the 
Manufacture  of  Aniline  and  Aniluie  Colours. 
Revised  and  edited  by  William  Crookes, 
F.R.S.   8vo.  with  5  Woodcuts,  10s.  6d. 

On  the  Manufacture  of  Beet- 

Eoot  Sugar  in  England  and  Ireland.  By 
William  Crookes,  F.R.S.  With  11  Wood- 
cuts.  8vo.  8s.  6d. 

Practical  Treatise  on  Metallurgy, 

adapted  from  the  last  German  Edition  of 
Professor  Kerl's  Metallurgy  by  W. 
Crookes,  F.R.S.  &c.  and  E.  Rohrig, 
Ph.D.  M.E.  3  vols.  8vo.  with  625  Wood- 
cuts, price  £4  19s. 


The  Art  of  Perfumery  ;  the  History 

and  Theory  of  Odours,  and  the  Methods  of 
Extracting  the  Aromas  of  Plants.  By  Dr. 
Piesse,  F.C.S.  Third  Edition,  with  53 
Woodcuts.   Crown  8vo.  10s.  <Sd. 

Chemical,  Natural,  and  Physical  Magic, 

for  Juveniles  during  the  Holidays.  By  the 
same  Author.  With  38  Woodcuts.  Fop.  6s. 

Loudon's  Encyclopaedia  of  Agri- 
culture: comprising  the  Laying-out,  Im- 
provement, and  Management  of  Landed 
Property,  and  the  Cultivation  and  Economy 
of  the  Productions  of  Agriculture.  With 
1,100  Woodcuts.   8vo.  21s. 

Loudon's  Encyclopaedia  of  Gardening  ; 

comprising  the  Theory  and  Practice  of 
Horticulture,  Floriculture,  Arboriculture, 
and  Landscape  Gardening.  With  1,000 
Woodcuts.    8vo.  21s. 

Bayldon's  Art  of  Valuing  Rents 

and  Tillages,  and  Claims  of  Tenants  upon 
Quitting  Farms,  both  at  Michaelmas  and 
Ladj'-Day.  Eighth  Edition,  revised  by 
J.  C.  Morton.    8vo.  10s.  M. 


Religious  and  Moral  Works. 


Old  Testament  Synonyms,  their 

Bearing  on  Christian  Faith  and  Practice. 
By  the  Rev.  R.  B.  Girdlestone,  M.A.  8vo. 

\_Nearly  ready. 

Fundamentals ;  or,  Bases  of  Belief 
concerning  Man  and  God :  a  Handbook  of 
Mental,  Moral,  and  Religious  Philosophy. 
By  the  Rev.  T.  Griffith,  M.A.  8vo. 
price  10s.  6d. 

An  Introduction  to  the  Theology 

of  the  Church  of  England,  in  an  Exposition 
of  the  Thirty-nine  Articles.  By  the  Rev. 
T.  P.  Boultbee,  M.A.    Fcp.  8vo.  price  6s. 

The  Student's  Compendium  of 

the  Book  of  Common  Prayer  ;  being  Notes 
Historical  and  Explanatory  of  the  Liturgy 
of  the  Church  of  England.  By  the  Rev.  H. 
Allden  Nash.   Fcp.  8vo.  price  2s.  6rf. 

Prayers  Selected  from  the  Col- 
lection of  the  late  Baron  Bunsen,  and 
Translated  by  Catherine  Winkworth, 
Part  I.  For  the  Family.  Part  II.  Prayers 
and  Meditations  for  Private  Use.  i^. 
8yo.  price  3s.  6d. 

Churches  and  their  Creeds.  By 

the  Rev.  Sir  Philip  Perring,  Bart,  late 
Scholar  of  Trin.  Coll,  Cambridge,  and 
University  Medallist.    Crown  8vo.  10s.  M. 


The  Bible  and  Popular  Theology; 

a  Re-statement  of  Truths  and  Principles, 
with  special  reference  to  recent  works  of 
Dr.  Liddon,  Lord  Hatherley,  and  the  Rigjat 
Hon.  W.  E,  Gladstone.  By  G.  Vance 
Smith,  B.A.  Ph.D.    8vo.  7s.  6d, 

The  Truth  of  the  Bible ;  Evidence 

fi'om  the  Mosaic  and  other  Records  of 
Creation ;  the  Origin  and  Antiquity  of 
Man  ;  the  Science  of  Scripture ;  and  from 
the  Archaeology  of  Different  Nations  of  the 
Earth.  By  the  Rev.  B.  W.  Savile,  M.A. 
Crown  8vo.  7s.  6rf. 

Considerations  on  the  Revision 

of  the  English  New  Testament.  By  C.  J. 
Ellicott,  D.D.  Lord  Bishop  of  Gloucester 
and  Bristol.    Post  8vo.  price  7s.  Qd. 

An  Exposition  of  the  39  Articles, 

Historical  and  Doctrinal.  By  E.  Harold 
Browne,  D.D.  Lord  Bishop  of  Ely.  Ninth 
Edition.   8vo.  16s. 

Bxamination-Questions  on  Bishop 
Browne's  Exposition  of  the  Articles.  By 
the  Rev.  J.  Gorle,  M.A.   Fcp.  3s.  6d. 

The  Voyage  and  Shipwreck  of 

St.  Paul;  with  Dissertations  on  the  Ships 
and  Navigation  of  the  Ancients.  Bj'  James 
Smith,  F.R.S.    Crown  8vo.  Charts,  10s,  6<f. 
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The  Life  and  Epistles  of  St. 

Paul.  By  the  Rev.  W.  J.  Conybea-re, 
M.A.  and  the  Very  Rev.  J.  S.  Howson, 
D.D.  Dean  of  Chester.    Three  Editions  :— 

Library  Edition,  -with  all  the  Original 
Illustrations,  Maps,  Landscapes  on  Steel, 
Woodcuts,  &c.   2  vols.  4to.  48s. 

Intermediate  Edition,  with  a  Selection 
of  Maps,  Plates,  and  Woodcuts.  2  vols, 
square  crown  8vo.  31s.  6d. 

Student's  Edition,  re\nsed  and  con- 
densed, with  46  Illustrations  and  Maps.  1 
vol.  crown  8vo.  9s. 

Evidence  of  the  Truth  of  the 

Christian  Religion  derived  from  the  Literal 
Fulfilment  of  Prophecy.  By  Alexander 
Keith,  D.D.  37th  Edition,  with  numerous 
Plates,  in  square  8vo.  12s.  6cf. ;  also  the 
39th  Edition,  in  post  8vo.  with  5  Plates,  6s. 

The  History  and  Destiny  of  tlie  World 

and  of  the  Church,  according  to  Scripture. 
By  the  same  Author.  Square  8vo.  with  40 
Illustrations,  10s. 

The  History  and  Literature  of 

the  Israelites,  according  to  the  Old  Testa- 
ment and  the  Apocrypha.  By  C.  De 
Rothschild  and  A.  De  Rothschild. 
Second  Edition.    2  vols,  crown  8vo.  12s.  6d, 

Vol.  I.  TJie  Historical  Books,  7s.  6d. 
Vol.  II.  The  Prophetic  and  Poetical  Writings, 
price  5s. 

Ewald's  History  of  Israel  to  the 

Death  of  Moses.  Translated  from  the  Ger- 
man. Edited,  with  a  Preface  and  an  Ap- 
pendix, by  Russell  Martineau,  M.A. 
Second  Edition.    2  vols.  8vo.  24s. 

The  See  of  Rome  in  the  Middle 

Ages.  By  the  Rev.  Oswald  J.  Reichel, 
B.C.L.  and  M.A.   8vo.  18s. 

The  Pontificate  of  Pius  the  Ninth ; 

being  the  Third  Edition,  enlarged  and 
continued,  of  '  Rome  and  its  Ruler.'  By 
J,  F.  Maguire,  M.P.  Post  8vo.  Portrait, 
price  12s.  6d. 

Ignatius  Loyola  and  the  Early 

Jesuits.  By  Stewart  Rose  New  Edition, 
revised.    8vo.  with  Portrait,  IGs. 

An  Introduction  to  the  Study  of 

the  New  Testament,  Critical,  Ex6getical, 
and  Theological.  By  the  Rev.  S.  Davidson, 
D.D.  LL.D.    2  vols.  8vo.  30s. 


A  Critical  and  Grammatical  Com- 
mentary on  St.  Paul's  Epistles.  By  C.  J. 
Ellicott,  D.D.  Lord  Bishop  of  Gloucester 
and  Bristol.  8vo. 

Qalatians,  Fourth  Edition,  8«.  6d. 
Ephesians,  Fourlh  Edition,  8«.6d. 
Pastoral  Epistles,  Fourth  Edition,  10s.  6d. 
PhUippians,  Colossians,  and  Philemon, 

Third  Edition,  10s.  6d. 

Thesaalonians,  Third  Edition,  7s.  6d. 

Historical  Lectures  on  the  Life  of 

Our  Lord  Jesus  Christ :  being  the  Hulsean 
Lectures  for  1859.  By  C.  J.  Ellicott,  D.D. 
Lord  Bishop  of  Gloucester  and  Bristol. 
Fifth  Edition.    8vo.  12s. 

The  Greek  Testament;  withNotes, 

Grammatical  and  Exegetical.  By  the  Rev. 
W.  Webster,  M.A.  and  the  Rev.  W.  F. 
Wilkinson,  M.A.   2  vols.  8vo.  £2  4s. 

Home's  Introduction  to  the  Cri- 
tical Studj'  and  Knowledge  of  the  Holy 
Scriptures.  Twelfth  Edition  ;  with  4  Maps 
and  22  Woodcuts.    4  vols.  8vo.  42s. 

Compendious  Introduction  to  the 
Study  of  the  Bible.  Edited  by  the  Rev. 
John  Ay^re,  M.A.  With  Maps,  &c.  Post 
8vo.  6s. 

The  Treasury  of  Bible  Kjnow- 

ledge;  being  a  Dictionary  of  the  Books, 
Persons,  Places,  Events,  and  other  Matters 
of  which  mention  is  made  in  Holy  Scrip- 
ture. By  Rev.  J.  Ayre,  M.A.  With 
Maps,  15  Plates,  and  numerous  Woodcuts, 
Fcp.  Svo.  6s. 

Every-day  Scripture  Difficulties 

explained  and  illustrated.  By  J.  E.  Pres- 
COTT,  M.A.  I.  Matthew  and  3Iark  ■  II.  Luke 
and  John.    2  vols.  Svo.  price  9s.  each. 

The  Pentateuch   and  Book  of 

Joshua  Critically  Examined.  By  the  Right 
Rev.  J.  W.  CoLENSo,  D.D.  Lord  Bishop  of 
Natal.    Crown  Svo.  price  6s. 

The  Four  Cardinal  Virtues ;  Six 

Sermons  for  the  Day,  in  relation  to  the 
Public  and  Private  Life  of  Catholics.  By 
the  Rev.  Orby  Shipley,  M.A.  Crown 
Svo.  with  Frontispiece,  7s.  Gd. 

The  Formation  of  Christendom. 

By  T.  W.  Allies.  Parts  I.  and  II.  Svo. 
price  12s.  each. 

Four  Discourses  of  Chrysostom, 

chieH}"  on  the  parable  of  the  Rich  Man  and 
Lazarus.  Translated  by  F.  Allen,  B.A. 
Crown  Svo.  3s.  Gd. 
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Christendom's  Divisions  t  a  Philo- 
sophical Sketch  of  the  Divisions  of  the 
Christian  Family  in  East  and  West.  By 
Edmund  S.  Ffoulkes.  Post  8vo.  7s.  M. 
Part  II.  Greeks  and  Latins,  price  15s. 

Thoughts  for  the  Age.  ByEltzabeth 

M.  Sewell,  Author  of  'Amy  Herbert.' 
New  Edition.    Fcp.  8vo.  price  5s. 

Passing  Thoughts  on  Eeligion.  By  the 
same  Author.    Fcp.  S.s. 

Self-examination  before  Confirmation. 

By  the  same  Author.    3"2mo.  Is.  6d. 

Thoughts  for  the  Holy  Week,  for  Young 
Persons.  By  the  same  Author.  New 
Edition.    Fcp.  8vo.  2s. 

Beadings  for  a  Moath  Preparatory  to 

Confirmation  from  Writers  of  the  Early  and 
English  Church.   By  the  same.   Fcp.  is. 

Readings  for  Every  Day  in  Lent,  com- 
piled from  the  Writings  of  Bishop  Jerejiy 
Taylor.   By  the  same  Author.    Fcp.  5s. 

Preparation  for  the  Holy  Communion; 

the  Devotions  chiefly  from  the  works  of 
Jerejiy  Taylor.   By  the  same.   32mo.  3s. 

Principles  of  Education  drawn  from 
Nature  and  Revelation,  and  Applied  to 
Female  Education  in  the  Upper  Classes. 
By  the  same  Author.    2  vols.  fcp.  12s.  Gd. 

Bishop  Jeremy  Taylor's  Entire 

Works ;  with  Life  by  Bishop  Heber. 
Revised  and  corrected  by  the  Rev.  C.  P. 
Eden.    10  vols.  £5  5s. 

England  and  Christendom.  By 

Archbishop  M.xjnning,  D.D.  Post  8vo. 
price  10s.  6d. 


Singers  and  Songs  of  the  Church: 

being  Biographical  Sketches  of  the  Hymn- 
Writers  in  till  the  principal  Collections; 
with  Notes  on  their  Psalms  and  H}Tnns. 
By  JosiAH  Miller,  M.A.  Post  8vo.  10s. Gd. 

'  Spiritual  Songs '  for  the  Sundays 

and  Holidays  throughout  the  Year.  By 
J.  S.  B.  Monsell,  LL.D.  Vicar  of  Egham 
and  Rural  Dean.  Fourth  Edition,  Sixth 
Thousand.   Fcp.  price  4s.  6d. 

The  Beatitudes.  By  the  same  Author. 
Tliird  Edition,  revised.    Fcp.  3s.  M. 

His  Presence  not  his  Memory,  1835. 
By  the  same  Author,  in  memory  of  his  Son. 
Sixth  Edition.    16mo.  Is. 

Lyra  Germanica,  translated  from  the 
Crerman  by  Miss  C.  Winkworth.  First 
Series,  the  Christian  Year,  Hymns  for  the 
Sundays  and  Chief  Festivals  of  the  Church ; 
Second  Series,  the  Cliristian  Life.  Fcp. 
8vo.  price  3s.  6d.  each  Series. 

Lyra  Eucharistica  ;    Hymns  and 

Verses  on  the  Holy  Communion,  Ancient 
and  Modern :  with  other  Poems.  Edited  by 
the  Rev.  Orby  Shipley,  M.A.  Second 
Edition.   Fcp.  5s. 

Shipley's  Lyra  Messianica.  Pep.  5s. 

Shipley's  Lyra  Mystica.  Fcp.  5s. 

Endeavours  after  the  Christian 

Life :  Discourses.  By  James  Martineau. 
Fourth  Edition.   Post  8vo.  price  7s.  &d. 

Invocation  of  Saints  and  Angels ; 

for  the  use  of  Members  of  the  English  Church. 
Edited  bj'  the  Rev.  Orby  Shipley,  M.A. 
24mo.  3s.  M. 


Travels, 

How  to  See  Worway.  By  Captain 
J.  R.  Campbell.  With  Map  and  5  Wood- 
cuts.  Fcp.  8vo.  price  5s. 

Pau  and  the  Pyrenees.  By  Count 
Henry  Russell,  Member  of  the  Alpine 
Club.   With  2  Maps.   Fcp,  8 vo.  price  5s. 

Scenes  in  the  Sunny  South;  In- 
cluding the  Atlas  Mountains  and  the  Oases 
of  the  Sahara  in  Algeria.  By  Lieut.-Col. 
the  Hon.  C.  S.  Verekkr,  M.A.  Com- 
mandant of  the  Limerick  Artillerj'  Militia. 
2  vols,  post  8vo.  price  21s. 

Hours  of  Exercise  in  the  Alps. 

By  John  Tyndall,  LL.D.,  F.R.S.  Second 
Edition,  with  Seven  Woodcuts  by  E.  Whym- 
per.    Crown  8vo.  price  12s.  Crf." 


yages,  <Sfc. 

The  Playground  of  Europe.  By 

Leslie  Stephen,  late  President  of  the 
Alpine  Club.  With  4  Illustrations  on  Wood 
by  E.  Whymper.    Crown  8vo.  10s.  6rf. 

Westward  by  Rail :  the  New  Eoute 

to  the  East.  ByW.F.RAE.  Second  Edition, 
enlarged.  Post  8vo.  with  Map,  price  10s.  6c/. 

Travels  in  the  Central  Caucasus 

and  Bashan,  including  Visits  to  Ararat  and 
Tabreez  and  Ascents  of  Kazbek  and  Elbruz. 
By  Douglas  W.  Freshfield.  Square 
crown  8vo.  with  Maps,  &c.,  18s. 

Cadore  or  Titian's  Country.  By 

JosiAn  Gilbert,  one  of  the  Authors  of  the 
'Dolomite  Mountains.'  With  Map,  Fac- 
simile, and  40  Illustrations.  Imp. 8vo.  3 Is.  Grf , 
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Zigzagging  amongst  Dolomites ; 

•with  more  than  300  Illustrations  by  the 
Author.  By  the  Author  of '  How  we  Spent 
the  Summer.'    Oblong  4to.  price  15s. 

The  Dolomite  Mountains.  Excur- 
sions through  Tyrol,  Carinthia,  Carniola, 
and  Friuli.  By  J.  Gilbert  and  G.  C. 
Churchill,  F.R.G.S.  With  numerous 
Illustrations.    Square  crown  8vo.  21s. 

How  we  Spent  the  Summer;  or, 

a  Voyage  en  Zigzag  in  Switzerland  and 
Tyrol  with  some  Members  of  the  Alpine 
Club.  Third  Edition,  re-drawn.  In  oblong 
4to.  with  about  300  Illustrations,  15s. 

Pictures  in  Tyrol  and  Elsewhere. 
From  a  Family  Sketch-Book.  By  the 
same  Author.  Second  Edition.  4to.  with 
many  Illustrations,  21s. 

Beaten  Tracks ;  or,  Pen  and  Pencil 
Sketches  in  Italy.  By  the  same  Author. 
With  42  Plates  of  Sketches.  8vo.  16s. 

The  Alpine  Club  Map  of  the  Chain 

of  Mont  Blanc,  from  an  actual  Survey  in 
18(i3_1864.  By  A.  Adams  -  Reilly, 
F.R.G.S.  M.A.C.  In  Chromolithography  on 
extra  stout  drawing  paper  28in.  x  17in. 
price  10s.  or  moimted  on  canvas  in  a  folding 
case,  12s.  Qd. 

History    of  Discovery  in  our 

Australasian  Colonies,  Australia,  Tasmania, 
and  New  Zealand,  from  the  Earliest  Date  .to 
the  Present  Day.  By  Williaji  Howitt. 
2 'vols.  8vo.  with  3  Maps,  20s. 

The  Capital  of  the  Tycoon ;  a 

Narrative  of  a  3  Years'  Residence  in  Japan. 
By  Sir  Rutherford  Alcock,  K.C.B. 
2  vols.  8vo.  with  numerous  Illustrations,  42s. 


Pilgrimages  in  the  Pyrenees  and 

Landes.  By  Denys  Shyne  Lawlor. 
Crown  8vo.  ■with  Frontispiece  and  Vignette, 
price  15s. 

Guide  to  the  Pyrenees,  for  the  use 

of  Mountaineers.  By  Charles  Packe. 
Second  Edition,  with  Maps,  &c.  and  Appen- 
dix.   Crown  8vo.  7s.  Gd. 

The  Alpine  Guide.  By  John  Ball, 
M.R.I.A.  late  President  of  the  Alpine  Club. 
Post  8vo.  with  Maps  and  other  Illustrations. 

Guide  to  the  Eastern  Alps,  price  10«.6d. 
Guide  to  the  Western  Alps,  including 

Mont  Blanc,  Monte  Rosa,  Zermatt,  &c. 

price  6s.  6d 

Guide  to  the  Central  Alps,  including 
all  the  Oberland  District,  price  7s.  6c?. 

Introduction  on  Alpine  Travelling  in 

general,  and  on  the  Geologj'  of  the  Alps, 
price  Is.  Either  of  the  Three  Volumes  or 
Parts  of  the  Alpiiie  Gwide  maybe  had  with 
this  Introductiox  prefixed,  price  Is.  extra- 

The  Northern  Heights  of  Lon- 
don ;  or.  Historical  Associations  of  Hamp- 
stead,  Highgate,  MusweU  Hill,  Homsey, 
and  Islington.  By  William  Howitt. 
With  about  40  Woodcuts.  Square  crown 
8vo.  21s. 

The    Bural   Life  of  England. 

By  the  same  Author.  With  Woodcuts  by 
Bewick  and  Williams.  Medium  8vo.  12s.  6<f. 

Visits  to  Remarkable  Places: 

Old  HaUs,  Battle-Fields,  and  Scenes  illus- 
trative of  striking  Passages  in  English 
History  and  Poetiy.  By  the  same  Author. 
2  vols,  square  crown  8vo.  with  Wood  En- 
gravings, 25s. 


Works  of  Fiction. 


Novels  and  Tales.    By  the  Eight 

Hon.  B.  Disraeli.  Cabinet  Editions,  com- 
plete in  Ten  Volumes,  crown  8vo.  price  6s. 
each,  as  follows  : — 


Lothatr,  Gs. 

CONINGSBY,  6s. 

Sybil,  6s. 
Tancred,  6s 


Venetia,  6s. 
Alroy,  IxiON,  &c.  6s. 
Young  Duke,  &c.  6s. 
Vivian  Grey,  6s. 


CoNTARiNi  Fleming,  Ac  68. 
Henrietta  Temple,  6s. 

A  Visit  to  my  Discontented  Cou- 
sin. Reprinted,  with  some  Additions,  from 
Fraser's  Magazine.  Crown  8vo.  price  7s.  Gd. 


Stories  and^Tales.  By  E.  M.  Sewell. 

Comprising  Amy  Herbert;  Gertrude-,  the 
Earl's  Daughter  ;  the  Experience  of  Life  ; 
CleveHall;  Ivors  ;  Katharine  Ashton  ;  Mar- 
garet Percival  ;  Laneton  Parsonage  ;  and 
Ursula.  The  Tcn^Works  complete  in  Eight 
Volumes,  crown  8vo.  bound  in  leather  and 
contained  in  a  Box,  price  Two  Guineas. 

Our  Children's  Story.  By  One  of 

their  Gossips.  Byjthe  Author  of  '  Voyage 
en  Zigzag,'  <tc.  Small  4to.  with ,  Sixty 
Illustrations  by  the  Author,  price  10s.  Gd. 
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Cabinet  Edition,  in  cvown  8vo. 

Stories  and  Tales  by  Miss  Skwell  : — 


of 


KiVTHARlNE  ASHTON, 

Makgaket  Perci- 

NAL,  5s. 

L^vifETON  Parson- 
age, 4s.  6rf. 
Ursula,  4s.  Gd. 


A.MY  Herbert,  2s.  6d. 
Gertrude,  2s.  6</. 
Earl's  Daughter, 

2s.  6d. 
Experience  of  Life, 

2s.  6d. 
Cleve  Hall,  3s.  6d. 
Ivors,  3s.  6d. 

A  Glimpse  of  the  World.  Fcp.  7s.  6d. 
Journal  of  a  Home  Life.  Post  8vo.  9s.  Qd. 
After  Life ;  a  Sequel  to  the  'Journal  of  a  Home 
Life.'    Post  8vo.  10s.  6d. 

The  Modern  Novelist's  Library. 

Each  Work,  in  croivn  8vo.  complete  in  a 
Single  Volume : — 

Melville's  Gl^vdiators,  2s.  boards  ;  2s.  6d. 
cloth. 

  Good  for  Nothing,  2s.  boards ; 

2s.  6d.  cloth. 

  HOLMBY 


House,    2s.  boards ; 
2s.  6d.  cloth. 

Interpreter,  2s.  boards ;  2s.  6rf. 


cloth. 

—   Kate  Coventry,  2s.  boards  ; 

2s.  6d.  cloth. 
 Queen's  Maries,  2s.  boards ; 

2s.  6d.  cloth. 
Trollope's  Warden,  Is.  6d.  boards;  2s. 

cloth. 

•>   BarchesterToavers, 2s. boards; 

2s.  6d.  cloth. 
Bra3Iley-Moore's  Six  Sisters  of  the 

Valleys,  2s.  boards;  2s.  6c?.  cloth. 

lerne  ;  a  Tale.  By  W.  Steuart  Trench, 
Author  of '  Realities  of  Irish  Life.'  Second 
Edition.    2  vols,  post  8vo.  price  21s. 


The  Giant ;  a  Witch's  Story  for  English 
Bo3-s.  Edited  by  Miss  Sewell,  Author  of 
'Amy  Herbert,'  &c.    Fcp.  8vo.  price  5s. 

Uncle  Peter's  Fairy  Tale  for  the  XlXth 
Century.  By  the  same  Author  and  Editor. 
Fcp.  8vo.  7s.  6d. 

The  Home  at  Heatherbrae;  a 

Tale.  By  the  Author  of  '  Ever  ley.'  Fcp. 
8vo.  price  5s. 

Becker's  Qallus  ;  or,  Eoman  Scenes  of 
the  Time  of  Augustus.   Post  8vo.  7s.  6d. 

Becker's  Charicles :  Illustrative  of 

Private  Life  of  the  Ancient  Greeks.  Post 
8vo.  7s.  6d. 

Tales  of  Ancient  Greece.  By  George 

W.  Cox,  M.A.  late  Scholar  of  Trin.  CoU. 
Oxford.    Crown  8vo.  price  6s.  6d. 

Cabinet  Edition  of  Novels  and 

Tales  by  G.  J.  Whyte  Melville  : — 


The  Gladiators,  5s. 
DiGBY  Grand,  5s. 
Kate  Coventry,  5s. 
General  Bounce,  5s. 


HoLMBY  House,  5s. 
Good  for  Nothing,  6s. 
Queen's  Martrs,  6s. 
The  Interpreter,  5s. 


Wonderful  Stories  from  Norway, 

Sweden,  and  Iceland.  Adapted  and  arranged 
by  Julia  Goddard.  With  an  Introductory 
Essay  by  the  Rev.  G.  W.  Cox,  M.A.  and 
Six  Illustrations.    Square  post  8vo.  6s. 


Poetry  and 
Thomas  Moore's  Poetical  Works, 

the  only  Editions  containing  the  Author's 
last  Copyright  Additions  : — 

Shamrock  Edition,  price  3s.  6c?. 

Ruby  Edition,  with  Portrait,  6s. 

Cabinet  Edition,  10  vols.  fcp.  8vo.  35s. 

People's  Edition,  Portrait,  &c.  10s.  6d. 

Library  Edition,  Portrait  &  Vignette,  14s. 

Moore's  Ijalla  Bookh,  Tenniel's  Edi- 
tion, with  68  Wood  Engravings  from 
Original  Drawings  and  other  Illustrations. 
Fcp.  4to.  21s. 

Moore's  Irish  Melodies,  Maclise's 

Edition,  with  161  Steel  Plates  from  Original 
Drawings.    Super-royal  8vo.  31s.  Gd. 

Miniature  Hdition  of  Moore's  Irish 

Melodies,  with  Maclise's  Illustrations  (as 
above),  reduced  in  Lithography.  Imp. 
16mo.  10s.  Gd. 


The  Drama. 
Southey's  Poetical  Works,  with 

the  Author's  last  Corrections  and  copyright 
Additions.  Library  Edition.  Medium  8vo. 
with  Portrait  and  Vignette,  14s. 

Lays  of  Ancient  Rome  ;  with  Ivri/ 

and  the  Armada.  By  the  Right  Hon.  Lord 
Macaulay.    16mo.  4s.  Gd. 

Lord   Macaulay's   Lays   of  Ancient 

Rome.  With  90  Illustrations  on  Wood, 
Original  and  from  the  Antique,  from 
Drawings  by  G.  SciLi.RF.    Fcp.  4to.  21s. 

Miniature  Edition  of  Lord  Macaulay's 

Lays  of  Ancient  Rome,  with  Scharfs 
Illustrations  (as  above)  reduced  in  Litho- 
graphy.   Imp.  16mo.  10s.  Gd. 

Goldsmith's  Poetical  Works,  Illus- 
trated with  Wood  Engravings  from  Designs 
by  Members  of  the  Etching  Club.  Imp. 
16mo.  7s.  Gd. 
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John  Jerningham's  Journal.  Fcp. 

8vo.  price  3s.  Gd. 

The  Mad  War  Planet,  and  other 
Poems.  By  WiLMAM  HowiTT,  Author  of 
'Visits  to  Remarkable  Places,'  &c.  Fcp. 
8vo.  price  5s. 

Eucharis ;  a  Poem.  By  F.  Keginald 
Statham  (Francis  Reynolds),  Author  of 
'  Alice  Rushton,  and  other  Poems '  and 
*  Glaphyra,  and  other  Poems.'  Fcp.  8vo. 
price  3s.  6d. 

Poems  of  Bygone  Years.  Edited 

by  the  Author  of  'Amy  Herbert.'  Fcp. 
8vo.  5s. 

Poems.  By  Jean  Ingelo-w.  Fifteenth 
Edition.    Fcp.  8vo.  5s. 

Poems  by  Jean  Ingelow.  With 

nearly  100  Illustrations  by  Eminent 
Artists,  engraved  on  Wood  by  Dalziel 
Brothers.    Fcp.  4to.  21s. 

Mopsa  the  Fairy.  By  Jeak  lNGEto"w. 

With  Eight  Illustrations  engraved  on  Wood. 
Fcp.  8vo.  6s. 

A  Story  of  Doom,  and  other  Poems. 
By  Jeaist  Ingelow.  Third  Edition.  Fcp. 
price  5s. 


Bowdler's  Family  Shakspeare, 

cheaper  Genuine  Edition,  complete  in  1  vol. 
large  type,  with  36  Woodcut  Illustrations, 
price  14s.  or  in  6  pocket  vols.  3s.  6d.  each. 

Arundines  Cami.  Collegit  atque  edidit 
H.  Drury,  M.A.  Editio  Sexta,  curavit  H, 
J.  Hodgson,  M.A,  Crown  Svo.  price  7s.  6d. 

Horatii  Opera,  Pocket  Edition,  with 
carefully  corrected  Text,  Marginal  Refer- 
ences, and  Introduction.  Edited  by  the  Rev. 
J.  E.  YoNGE,  M.A.    Square  18mo.  4s.  6rf. 

Horatii  Opera,  Librarj'  Edition,  with 
Copious  English  Notes,  Marginal  References 
and  Various  Readings.  Edited  by  the  Rev. 
J.  E.  YoNGE,  M.A.   Svo.  21s. 

The  .ffineid  of  Virgil  Translated  into 
English  Verse.  By  John  Conington,  M.A. 
Corpus  Professor  of  Latin  in  the  University 
of  Oxford.    New  Edition.    Crown  8vo.  9*. 

Hunting  Songs  and  Miscella- 
neous Verses.  By  R.  E.  Egerton  War- 
burton.    Second  Edition.    Fcp.  Svo.  5s. 

Works  by  Edward  Yardley  :— 

Fantastic  Stories,  fcp.  3s.  6rf. 
Melusine  and  other  Poems,  fcp.  5s. 
Horace's  Odes  translated  into  English 

Verse,  crown  Svo.  6s. 
SuppLEaiENTARY  Stories   and  Poems, 

fcp.  3s.  6d. 


Rural  Sports,  <SfC. 


Encyclopsedia  of  Rural  Sports  ; 

a  Complete  Account,  Historical,  Practical, 
and  Descriptive,  of  Hunting,  Shooting, 
Fishing,  Racing,  &c.  By  D.  P.  Blaine. 
With  above  600  Woodcuts  (20  from  Designs 
by  John  Leech).   Svo.  21s. 

The  Dead  Shot,  or  Sportsman's  Com- 
plete Guide ;  a  Treatise  on  the  Use  of  the 
Gun,  Dog-breaking,  Pigeon-shooting,  &c. 
By  Marksman.    Fcp.  with  Plates,  5s. 

A  Book  on  Angling:  being  a  Com- 
plete Treatise  on  the  Art  of  Angling  in 
every  branch,  including  full  Illustrated  i 
Listsof  Salmon  Flies.  By  Francis  Francis.  \ 
Second  Edition,  with  Portrait  and  15  other  ' 
Plates,  plain  and  coloured.   Post  Svo.  15s.  j 

Wilcocks's  Sea-Fisherman:  com-  \ 

prising  the  Chief  Methods  of  Hook  and  Line  [ 
Fishing  in  the  British  and  other  Seas,  a  i 
glance  at  Nets,  and  remarks  on  Boats  and 
Boating.    Second  Edition,  enlarged,  with 
SO  Woodcuts.    Post  Svo.  12s.  firf. 


The  Fly-  Fisher's  Entomology* 

By  Alfred  Ronalds.  With  coloured 
Representations  of  the  Natural  and  Artifi- 
cial Insect.  Sixth  Edition,  with  20  coloured 
Plates.   Svo.  14s. 

The  Book  of  the  Boach.  By  Gre- 

viLLE  Fennell,  of '  The  Field.'  Fcp.  Svo. 
price  2s.  6</. 

Blaine's  Veterinary  Art :  a  Treatise 

on  the  Anatomy,  PhysiologA',  and  Curative 
Treatment  of  the  Diseases  of  the  Horse, 
Neat  Cattle,  and  Sheep.  Seventh  Edition, 
revised  and  enlarged  by  C.  Steel.  Svo. 
with  Plates  and  Woodcuts,  18s. 

Horses  and  Stables.    By  Colonel 

F.  Fitzwyoram,  XV.  the  King's  Hussars. 
With  24  Plates  of  Woodcut  Illustrations, 
containing  very  numerous  Figures.  8vo.  15*. 

Youatt  on  the  Horse.  Revised  and 

enlarged  by  W.  Watson,  M.R.C.V.S.  Svo. 
with  numerous  Woodcuts,  12s.  6rf. 
Youatt  on  the  Dog.   (By  the  same  Author.) 
Svo.  with  numerous  Woodcuts,  6s. 
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The  Dog  in  Health  and  Disease 

By  STONEiiiiNGE.  With  70  Wood  En- 
g^a^'ings.  New  Edition.  Square  crown 
8vo.  10s.  6d. 

The  Greyhound.  "By  the  some  Author. 
Re^-ised  Edition,  with  2-i  Portraits  of  Grey- 
hounds.  Square  crown  8vo.  10s.  6d. 

j 

Robbins's  Cavalry  Catechism ;  or, 

Instructions  on  Cavalry  Exercise  and  Field 
Movements,  Brigade  Movements,  Out- 
post Duty,  Cavalry  supporting  Artillery, 
Artillery  attached  to  Cavalry.  12mo. 
price  5s. 


The  Horse's  Foot,  and  how  to  keep 

it  Sound.  By  W.  Milks,  Esq.  Ninth  Edi- 
tion, with  Illustrations.    Imp.  8vo.  12s.  6d. 

A  Plain  Treatise  on  Horae-shoeing.  By 

the  same  Author.    Sixth  Edition,  post  8vo. 
with  Illustrations,  2s.  6d. 
Stables  and  Stable  Fittings.  By  the  same. 

Imp.  8vo.  with  13  Plates,  15s. 

Bemarks  on  Horses'  Teeth,  addressed  to 
Purchasers.  By  the  same.  Post  8vo.  Is.  6d 

The  Ox,  his  Diseases  and  their  Treat- 
ment ;  with  an  Essay  on  Parturition  in  the 
Cow.  By  J.  R.  DoBSON,  M.R.C.V.S.  Crown 
8vo.  w^ith  Illustrations,  7s.  6d. 


Works  of  Utility  and 
The  Law  of  Nations  Considered 

as  Independent  Political  Communities.  By 
Sir  Travers  Twass,  D.C.L.  2  vols.  8vo. 
30s.  or  separately.  Part  I.  Peace,  12s. 
Part  II.  War,  18s. 

The    Theory  and  Practice  of  I 

Banking.  By  Henry  Dunning  Macleod, 
M.A.  Barrister-at-Law.  Second  Edition, 
entirely  remodelled.    2  vols.  8vo.  30s. 

M'Cnlloch's   Dictionary,  Prac- 
tical, Theoretical,  and  Historical,  of  Com-  \ 
merce  and  Commercial  Navigation.   New  | 
Edition,  revised  throughout  and  corrected 
to  the  Present  Time  ;  with  a  Biographical 
Notice  of  the  Author.   Edited  by  H.  G. 
Reid,  Secretary  to  Mr.  M'Culloch  for  many  ' 
years.   8vo.  price  63s.  cloth. 

Modern   Cookery   for  Private 

Families,  reduced  to  a  System  of  Easy 
Practice  in  a  Series  of  carefully-tested  Re- 
ceipts. By  Eliza  Acton.  Newly  revised 
and  enlarged ;  with  8  Plates,  'Figures,  and 
150  Woodcuts.    Fcp.  6s. 

A  Practical  Treatise  on  Brewing ; 

with  Formulae  for  Public  Brewers,  and  In- 
structions for  Private  Families.  By  W. 
Black.    Fifth  Edition.    8vo.  10s.  6d. 

The  Cabinet  Lawyer ;  a  Popular 

Digest  of  the  Laws  of  England,  Civil, 
Criminal,  and  Constitutional.  Twenty-third 
Edition,  corrected  and  brought  up  to  the 
Present  Date.   Fcp.  8vo.  price  7s.  6d. 

Maunder's  Treasury  of  Know- 
ledge and  Library  of  Reference  :  comprising 
an  English  Dictionary  and  Grammar,  Uni- 
versal Gazetteer,  Classical  Dictionary, 
Chronology,  Law  Dictionary,  Synopsis  of 
the  Peerage,  Useful  Tables,  &c.  Fcp.  6s. 


General  Information, 

Chess  Openings .  By  P.  W.  Longjian, 

BalUol  College,  Oxford.   Fcp.  8vo.  2s.  Gd. 

Hints  to  Mothers  on  the  Manage- 
ment of  their  Health  during  the  Period  of 
Pregnancy  and  in  the  L}dng-in  Room.  By 
Thosias  Bull,  M.D.    Fcp.  5s. 

The  Maternal  Management  of 

Children  in  Health  and  Disease.  By  Thomas 
Bull,  M.D.   Fcp.  5s. 

How  to  Nurse  Sick  Children ; 

containing  Directions  which  may  be  found 
of  service  to  all  who  have  charge  of  the 
Young.  By  Charles  West,  M.D.  Second 
Edition.    Fcp.  8vo.  Is.  Gd. 

Notes  on  Lying-in  Institutions ; 

■\^^th  a  Proposal  for  Organising  an  Institu- 
tion for  Training  Midwives  and  Midwifery 
Nurses.  By  Florence  Nightingale. 
With  several  Illustrations.  8vo.  price  7s.  Gd. 

Notes  on  Hospitals.  By  Florence 
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